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NOTICE

The information in this document has been prepared for the U.S. Environmental Protection Agency’s
(EPA’s) Superfund Innovative Technology Evauation (SITE) Program under Contract No. 68-CO-0048. This
document is draft and will be subjected to the EPA’s peer and administrative reviews prior to approval for
publication as an EPA document. Mention of trade names of commercial products does not congtitute an

endorsement or recommendation for use.



FOREWORD

The U.S. Environmentad Protection Agency is charged by Congress with protecting the Nation's land,
air, and water resources. Under a mandate of nationd environmenta laws, the Agency dtrives to formulate and
implement actions leading to a compatible balance between human activities and the ability of naturd systems
to support and nurture life. To meet this mandate, EPA’s research program is providing data and technical
support for solving environmental problems today and building a science knowledge base necessary to manage
our ecologica resources wisely, understand how pollutants affect our hedth, and prevent or reduce environmenta
risks in the future.

The Nationa Risk Management Research Laboratory is the Agency’s center for investigation of
technological and management approaches for reducing risks from threats to human hedth and the environment.
The focus of the Laboratory’s research program is on methods for the prevention and control of pollution to air,
land, water and subsurface resources, protection of water quality in public water systems; remediation of
contaminated Sites and ground water; and prevention and control of indoor ar pollution. The goal of this research
effort is to catdyze development and implementation of innovative, codt-effective environmenta technologies,
develop scientific and engineering information needed by EPA to support regulatory and policy decisions, and
provide technical support and information transfer to ensure effective implementation of environmental
regulations and strategies.

This publication has been produced as part of the Laboratory’s strategic long-term research plan. It is
published and made available by EPA’s Office of Research and Development to assist the user community and

to link researchers with their clients.

E. Timothy Oppelt, Director
Nationd Risk Management Research Laboratory
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EXECUTIVE SUMMARY

This report summarizes the findings associated with a Demongtration Test of Environmental
Improvement Technologies (EIT) Subsurface Volatilization and Ventilation System (SVVYS) process. The
technology was evauated under the EPA Superfund Innovative Technology Evaluation (SITE) Program in
conjunction with an independent one-year testing of the technology to provide justification for the execution of
an Explanation of Significant Difference (ESD) to the Record of Decison (ROD) for Operable Unit (OU)
Number One. Under the SITE Program, the technology was evauated to determine its effectiveness in reducing
volatile organic contamingtion in the vadose zone of the former “dry well ared’ of the Electra-Voice facility after
one year of treatment. The technology was evaluated against the nine criteria for decision-making in the
Superfund Feasibility Study process. The results of this evaluaion are presented in Table ES- 1.

The SVVS process is an integrated technology that utilizes the benefits of soil vapor extraction/air
sparging and in-Situ bioremediation for the treatment of subsurface organic contamination in soil and
groundwater. The SVVS process evaluated under the USEPA SITE Program was developed and designed by
Billings and Associates, Inc. (BAl) and operated byBroan& Root Environmental (B&RE) (formerly Halliburton
NUS Environmental Corporation) (For the purposes of this report, BAI and B&RE are referred to as the developer
and operator, respectfully). The SVV'S process uses vapor extraction to remove the easily-strippable volatile
components and biostimulation to remove the less volatile more tightly sorbed components. Vapor extraction
appears to be the more dominant remova mechanism during the early phases of trestment, while biostimulation
processes dominate in later phases. During the early stages of system application, when vapor extraction is the
dominant treatment mechanism, the extracted vapors might need to be treated above ground before release to the
amosphere. During this period, which can last anywhere from two weeks to a few months, the developer claims
that system off-gasses can be treated by BAI's Biologica Emission Control (BEC) biofilters, alone or in
combination with conventiona activated carbon or other mechanisms for additional air polishing. The developer
clams that remediation using the combination of vapor extraction and biostimulation is more rapid than the use
of biostimulation alone, while generating lower quantities of volatile organic emissions than vapor extraction
technologies. In addition, the SVV'S can remediate contaminants that would not be remediated by vapor
extraction alone (chemicas with lower volatilities and /or chemicals that are tightly sorbed). These benefits
trandate into lower costs and faster remediations.



TABLE ES1 EVALUATION CRITERIA FOR THE ENVIRONMENTAL IMPROVEMENT TECHNOLOGIES, INC.
SVVS VAPOR EXTRACTION/AIR SPARGING AND IN-SITU BIOREMEDIATION TECHNOLOGY

OVERALL PROTECTION OF
HUMAN HEALTH AND THE
ENVIRONMENT

COMPLIANCE WITH
FEDERAL ARARs

LONG TERM EFFECTIVENESS
AND PERMANENCE

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME
THROUGH TREATMENT

Protects human health and the
environment by removing and
destroying organic contaminants from
liquid, agueous, sorbed, and vapor
phases in soil

and groundwater.

Effectively destroys or removes
organic contamination from affected
matrix.

Requires compliance with RCRA
treatment, storage, and disposa
regulations (if hazardous wastes
are present).

Significantly reduces the toxicity of
organic contaminants as
biodegradation converts contaminants
to non-toxic by-products (CO, and
H,0).

Remediation can be performed
in-situ, reducing the need for
excavation.

Operation of on-site treatment
system may require compliance
with location-specific ARARS.

Volume of contaminantsis
significantly reduced as contaminants
are removed by vapor extraction and
biodegraded by indigenous microbes

Off-gas treatment system

reduces airborne emissions. Air
emissions can be favorably controlled
within regulatory limits by adjusting
the rate of air injection and extraction.

Minimal wastewater discharges to
POTWs may require pre-treatment to
comply with the Clean Water Act or
Safe Drinking Water Act, depending
on the contaminant.

Off-gas treatment system is used
initialy to reduce emissions, until
hiodegradation rate exceeds rate of
contaminant mass transfer to the vapor
phase.

Technology is primarily suited to
remove and destroy subsurface
organic contaminants. Can be used to
treat heavy metals in groundwater by
raismg redox potential and inducing
metals to precipitate.

Emission control may be needed to
ensure compliance with air quality
standards depending upon local
ARARSs.

Some treatment residues (drill
cuttings, decontamination water,
condensate, spent activated carbon
and personal protective equipment)
might require special disposal
requirements. Condensate can be
used as make-up water for the BEC
units.




SHORT TERM
EFFECTIVENESS

IMPLEMENTABILITY

CosT

COMMUNITY
ACCEPTANCE

STATE
ACCEPTANCE

Treatment of a site using
SVVS removes and destroys
subsurface organic
contaminants.

Hardware components used to
construct and operate the
SVVS arecommon and
readily available.

The cost for remediation,
assuming that no off-gas
treatment is necessary, is
$10.36/yd’.

Minimal short-term risks to the

community make this technology

appealing to the public.

State ARARs may be
more stringent than
federal regulations.

Presents potential short-term
chemical exposure risksto
workersinstalling a system
dueto the potentia for
fugitive emissions being
generated during excavation
and construction.

Utility needs are minor
(electricity, water and sewer,
if possible).

Site preparation is the most
significant cost associated
with SVVS  representing
28% of the overall cost.
Residuals handling and
disposal and analytical
services are the next largest
cost component.

Technology is generdly accepted
by the public because it provides a

permanent solution.

State acceptance of the
technology varies
depending upon ARARS.

Depending on the voltility
and biodegradability of
organic contaminants, the
highest mass removal rates
can be experienced at the
beginning of treatment.

TheSVVS isingtalledin-
place and is custom- designed
for asite. An average system
can take up to amonth to
install before being ready to
operate. The technology is
not considered mobile.

Labor accounts for a
relatively small percentage of
the overall cost (9%).

Noise generated during system

installation could be troublesome,
but once the system is operationdl,

it does not generate much
appreciable noise.

Each SVVS system is
site-specific, and can be
designed to meet state
criteria

Some short-term risks
associated with vacuum
extraction off-gas emissions
might exist during the early
stages of treatment when the
rate of vapor extraction
exceeds the rate of
biodegradation. Depending
on site requirements, the risks
can be reduced by an
emission treatment system.

Support equipment during
system ingtallation includes
drill rigs, trenchers, and
possibly backhoes, front-end
loaders and fork lifts.

If off-gas polishing is
required, above-ground air
treatment costs could account
for 43% of thetotal cleanup
cost, depending on the air
treatment train selected.




SHORT TERM COMMUNITY STATE
EFFECTIVENESS IMPLEMENTABILITY COST ACCEPTANCE ACCEPTANCE

A dte's physical and chemicad  The cost for system expansion

conditions must be adequately  istypically no more than 10-

defined to optimize system 20% of total cleanup cost due

design and installation. to the smplicity of system
construction and reserved
capacity of vacuum and
injection pumps.

The technology is not
recommended for remediation
of materials of very low
permeability.

Actua cost of a remedial technology is site-specific and is dependent on factors such as the cleanup level, contaminant concentrations and types, waste char acteristics,
and volume necessary for treatment. Cost data presented in this table are for treating 2 1,300 yd® of il.




The SVVS technology was tested at the Electra-Voice, Inc. Site in Buchanan, Michigan to assess the
developer’'s clam that the system would reduce the average contamination of seven target contaminants in the
vadose zone by 30% after one year of system operation.  This became the critical objective of the SITE
Demonstration. The one-year time frame was chosen for testing purposes only, and does not reflect the limits
of the technology. The technology was evauated for a number of secondary objectives al of which are discussed
in this Innovative Technology Evauation Report.

CONCLUSIONS BASED ON CRITICAL OBJECTIVE

The SVVS achieved an overall 80.6% reduction in the sum of the seven critical VOCs in the vadose
zone after one year of system operation. This level of reduction greatly exceeded the developer's clam which
promised a 30% reduction over a one-year time frame. The average concentrations of the sum of the seven
critical anaytes (benzene, toluene, ethylbenzene, xylenes, trichloroethene, tetrachloroethene, and 1,1-
dichloroethene) in the study area before and after one year of operation were 341.5 mgkg and 66.2 mgikg,
respectively. Reductions for each subsurface horizon revedled an 8 1.5% reduction for the “dudge layer”, the most
contaminated horizon throughout the treatment plot, and 97.8% to 99.8% for all other vadose zone horizons.
When evduating system performance by comparing VOC concentrations in matched boreholes before and after
one year of treatment, contaminant reductions ranged from 7 1% to 99%. This indicated that the system operated
relaively uniformly over the entire vadose zone of the treatment plot, and no significant untreated areas were
encountered, regardless of initid VOC concentration or lithology.

CONCLUSIONS BASED ON SECONDARY OBJECTIVES

The studies conducted by the SITE Program suggest the following conclusions regarding the technology’s
performance at the Electro-Voice Site. These conclusions were based upon secondary project objectives and are
presented as follows:

* An analysis of individual VOC contaminants in the vadose zone before and after treatment reveded
reductions that ranged from 78% to 92%. Xylenes, the most prevalent compound, comprising 60% of
the VOCs in the treatment plot, were reduced by 78% whereas tetrachloroethene, which represented
1.6% of the total VOC concentration in the vadose zone, exhibited a reduction of 92%. The relative
digtribution of individual compounds in vadose zone soils is smilar before and after treatment,
suggesting that the technology at this Site did not appear to selectively remove or destroy one component
over another.



The technology was evaluated for its ability to reduce VOC contamination in groundwater within the
treatment plot. The lack of detectable levels of contamination in the groundwater during system
operation precluded any meaningful evauation of the systems performance on groundwater within the
physica boundaries of the treatment plot.

A comparison of VOC contamination before and after one year of treatment reveded a 99.3% reduction
in saturated zone soils. Although no claims were made regarding expected percent reductions in the
saturated zone, the reduction that was achieved was comparable to those observed in the vadose zone
horizons.

Soil sampling conducted during Pre-treatment and Pogt-treatment events did not revea any compounds
present a concentrations that might inhibit biodegradation (i.e,, heavy metals). In addition, generd ol
analyses reveded that there were sufficient quantities of soil nutrients available to biodegrade the entire
mass of contamination in the vadose zone of the treatment plot.

Bimonthly monitoring of the extracted air stream indicates that mass remova rates of VOCs were
highest at the beginning of the treatment when soil VOC concentrations were elevated and transfer to
the vapor phase occurred easily. As the concentration in the soil decreased, mass remova rates also
decreased and stabilized in spite of elevated flow rates. Vapor flow rates observed during the
Demonstration fall within the range of conventional SVE systems that rely solely on vapor extraction
as the primary mechanism for contaminant remova. The SYVS aso exhibited the same pattern
observed in conventiond SVE systems, which is characterized by high remova rates during the initid
operation of the unit, followed by an asymptotic decrease in remova rates.

The results of three system shut-down tests indicate that biodegradation was occurring across the
trestment plot, especialy dong the southern portion of the treatment plot where the highest levels of soil
contamination were measured. The correlation between high biological activity and contaminant
occurrence suggests that the technology was able to stimulate biodegradation of contaminants. The
results of three shut-down tests suggest a progressive decrease in biological activity over time. The
decrease in the rate of biodegradation, however, was significantly less than the rate of decrease of vapor
phase contaminants in the vacuum extraction line. This observation would support the developer’s claim
that biological processes play an increasingly important role, relative to vapor extraction, as the
remediation proceeds.

The performance of the Biologica Emission Control (BEC) system could not be evaluated since it was
taken off-line a few months into the Demonstration when the exhaust off-gasses met the discharge
criteria for the ste.

The system was initidly installed and operated in a large portion of the site not impacted by dry well
contamination. Subsequent to this discovery, the system operation was shifted to that portion of the
treatment plot containing subsurface contamination. The fact that a major portion of the system was
installed over an uncontaminated area did not affect overall system performance; however, it did have
some impact on cost.

The cogt for a full-scale remediation of soils a the Electro-Voice Ste, assuming that the tota volume of
contaminated soil to be remediated is 21,300 yd?, is $220,737 or $10.36/yd®. The largest cost
component of the technology appears to be site preparation (28%), followed by anaytical services (27%)
and resduaswaste shipping, handling and storage (13%).



The following sections of this report contain the detailed information which supports the items
summarized in this Executive Summary.



SECTION 1
INTRODUCTION

This section provides background information about the Super-fund Innovative Technology Evaluation
(SITE) Program, discusses the purpose of this Innovative Technology Evaluation Report (ITER), and describes
the SVVS process, For additiona information about the SITE Program, this technology, and the demonstration
ste, key contacts are listed at the end of this section.

11 Background

The Subsurface Volatilization Ventilation System (SVV'S) was developed by Billings and Associates,
Inc. (BAI) in response to the increasing demand for integrated remedial systems, that address all phases of
contamination problem in a faster, more effective, and less costly way than conventiona remedia approaches.
The SVVSisof particular interest because it promotes the in-situ destruction of volatile organic compounds
(VOCs) by biodegradation and vapor extraction, reducing al phases of subsurface VOC mass without producing
toxic by-products. Air circulation provides indigenous soil microbes with the oxygen required to complete the
biochemical reactions that break down organic contaminants to harmless by-products (typicaly carbon dioxide
and water), in the liquid, agueous, sorbed and vapor phases. In addition, the continuous circulation of clean air
encourages the mass transfer of VOCs to the vapor phase, which is withdrawn from the subsurface by a network
of vacuum extraction wells, and is then treated above ground and released to the atmosphere.

Environmental Improvement Technologies, Inc. (EIT) holds the patents for the SVVS. In 1993, EIT
received two patents, and a continuation -in -part, for their technology, indicating that a third patent was in the
pipeline. BAI and B&RE acquired the rights to market the technology under a licensing agreement with EIT.
The SVVS has been implemented at 70 Sites in New Mexico, North Carolina, South Carolina, Florida,
Minnesota, West Virginia, lllinois, Michigan, Pennsylvania, Texas and England. In 1991, the technology was
accepted into the Superfund Innovative Technology Evauation Program (SITE) to undergo a performance
evauation at the Electra-Voice facility in Buchanan, Michigan.

The Electra-Voice, Inc. (EV) facility is an active business located at 600 Cecil Street in the City of
Buchanan Berien County, Michigan. EV manufactures audio equipment and has been in operation a its present
location since 1946. In February 1983, the facility was placed on the Michigan Act 307 and the Federal Nationd
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Priority List as a result of detectable concentrations of cyanide, xylenes, and toluene found in on-site monitoring
wells. The groundwater contamination was originaly atributed to the facility’s two former wastewater lagoons.
The facility has recently been the focus of an extensive remedia investigation/feasihility study (RI/FS), initiated
shortly after EV and the US. Environmenta Protection Agency (EPA) entered into an Administrative Order of
Consent (AO) on October 8, 1987 (effective October 15, 1987). Studies initiated under the Rl reveded the
presence of organic and inorganic contaminants in soil and groundwater associated with a former fud tank area
and the former dry well area. The oils of the dry well area have been identified as the principal source of
groundwater contamination, both on- and off-site. As per the Record of Decision (ROD), the dry well areais
included in the first operable unit remedia action for the EV gte; the specified remedia action for the dry well
area is SVE followed by excavation, solidification and landfarming of any residuas. The dry well areawas also
sdected as the location for the USEPA SITE demonstration. The SVVS was implemented and operated a the
dry well area for a period of one year to evauate the effectiveness of the technology for remediating subsurface
organic contamination, to provide justification for the execution of an Explanation of Significant Difference
(ESD) to the ROD for Operable Unit Number One.

12 Brief Description of Program and Reports

The SITE program is a formal program established by EPA’s Office of Solid Waste and Emergency
Response (OSWER) and Office of Research and Development (ORD) in response to the Superfund Amendments
and Reauthorization Act of 1986 (SARA). The SITE program promotes the development, demonstration, and
use of new or innovative technologies to clean up Superfund sites across the country.

The SITE program’s primary purpose is to maximize the use of aternatives in cleaning hazardous waste
Stes by encouraging the development and demonstration of new, innovative treatment and monitoring
technologies. It conssts of four maor eements discussed below:

* the Emerging Technology Program,

* the Demonstration Program,

* the Monitoring and Measuring Technologies Program, and
* the Technology Transfer Program.



The Emerging Technology Program focuses on conceptualy proven bench-scale technologies that are
in an early stage of development involving pilot or laboratory testing. Successful technologies are encouraged
to advance to the Demongtration Program.

The Demondgtration Program develops reliable performance and cost data on innovative technologies so
that potential users may assess the technology’s site-specific applicability. Technologies evaluated are either
currently available or close to being available for remediation of Superfund sites. SITE demondtrations are
conducted on hazardous waste Sites under conditions that closely smulate full-scale remediation conditions, thus
assuring the usefulness and reliability of information collected. Data collected are used to assess: (1) the
performance of the technology, (2) the potential need for pre- and post-treatment processing of wastes, (3)
potential operating problems, and (4) the approximate costs. The demonstrations aso alow for evaluation of
long-term risks and operating and maintenance costs.

Existing technologies that improve field monitoring and site characterizations are identified in the
Monitoring and Measurement Technologies Program. New technologies that provide faster, more cogt-effective
contamination and site assessment data are supported by this program. The Monitoring and Measurement
Technologies Program aso formulates the protocols and standard operating procedures for demonstrating
methods and equipment.

The Technology Transfer Program disseminates technical information on innovative technologies in the
Emerging Technology Program, Demondration Program, and Monitoring and Measurement Technologies
Programs through various activities. These activities increase the awareness and promote the use of innovative
technologies for assessment and remediation a Superfund sites. The goa of technology transfer activities is to
develop interactive communication among individuals requiring up-to-date technical information.

13 The SITE Demonstration Program
Technologies are selected for the SITE Demonstration Program through annual requests for proposals.
ORD staff review the proposds to determine which technologies show the most promise for use at  Superfund

gtes. Technologies chosen must be at the pilot- or full-scale stage, must be innovative, and must have some
advantage over existing technologies. Mobile and in-situ technologies are of particular interest.
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Once EPA has accepted a proposal, cooperative agreements between EPA and the developer establish
responsibilities for conducting the demonstrations and evaluating the technology. The developer is responsible
for demongtrating the technology a the selected Site and is expected to pay any costs for transport, operations,
and remova of the equipment. EPA is responsible for project planning, sampling and analysis, quality assurance
and quality control, preparing reports, disseminating information, and transporting and disposing of treated waste
materials.

The results of this evaluation of the SVVS vapor extraction/air sparging and in-situ bioremediation
technology are published in two basic documents. the SITE Technology Capsule and this Innovative Technology
Evaluation Report. The SITE Technology Capsule provides relevant information on the technology, emphasizing
key features of the results of the SITE field demonstration. A Technology Evaluation Report (TER) is available
as a supporting document to the ITER. Both the SITE technology capsule and the ITER are intended for use by
remedid managers making a detailed evauation of the technology for a specific ste and waste.

14 Purpose of the Innovative Technology Evaluation Report (ITER)

This ITER provides information on the SVVS vapor extraction/in-situ bioremediation technology and
includes a comprehensive description of the demonstration and its results. The ITER is intended for use by EPA
remedia project managers, EPA on-scene coordinators, contractors, and other decision makers in implementing
specific remedid actions. The ITER is designed to aid decison makers in further evaluating specific technologies
for consideration as applicable options in a particular cleanup operation. This report represents a critical step
in the development and commercidization of a trestment technology.

To encourage the general use of demonstrated technologies, EPA provides information regarding the
applicability of each technology to specific sites and wastes. The ITER includes information on cost and
performance, particularly as evaluated during the demonstration, It also discusses advantages, disadvantages,
and limitations of the technology.

Each SITE demondtration evauates the performance of a technology in treating a specific waste. The
waste characterigtics of other sites may differ from the characteristics of the treated waste. Therefore, a
successful field demongtration of a technology at one site does not necessarily ensure that it will be applicable
a other gtes. Data from the field demonstration may require extrapolation for estimating the operating ranges
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in which the technology will perform satisfactorily. Only limited conclusions can be drawn from a single field
demonstration,

15 Technology Description

The SVVS is an in-situ vacuum extraction/air sparging and bioremediation process designed to treat
al phases of organic contamination in soil and groundwater. The technology promotes in-situ remediation
through the injection of clean ar into the saturated zone and the extraction of vapor phase contaminants in the
vadose zone. This induced circulation of air in the subsurface encourages the mass transfer of VOC contaminants
present as bulk liquid, dissolved and sorbed forms to a gas phase which is then extracted from the ground. The
subsurface air circulation effectively oxygenates vadose zone soils, thereby stimulating aerobic microbiological
processes which degrade organic contaminants. Vapor extraction removes the easily-strippable volatile
components from the soil and/or groundwater and tends to be the dominant mechanism during the early phases
of system operation. Bioremediation processes dominate the later phases of the application. Using the
combination of vapor extraction and biostimulation is faster than the use of biostimulation aone, and reduces
the amounts of volatile organics in the exhaust gasses than vapor extraction done. Although the developer claims
that more volatiles are mobilized because of verticaly flowing air that strips more than just vadose zone soils,
much of the mobilized mass is converted to biologically produced carbon dioxide.

The SVV'S process congists of a network of injection and vacuum extraction wells plumbed to one or
more compressors and vacuum pumps, respectively. The vacuum pumps create the negative pressure necessary
to extract contaminant vapors. The air compressors smultaneoudly create positive pressures across the treatment
area to deliver the oxygen needed to enhance aerobic biodegradation. The system is maintained at a vapor control
unit (VCU) that houses the pumps, compressors, control valves, gauges and other process control hardware. Each
SVVS process is custom-designed to meet specific site conditions.  The number and spacing of the wells
depends upon the physical, chemical and hiologica characteristics of the site, as well the results of a matrix-
model. Depending on ste conditions, subsurface vaporization can be enhanced via the injection of heated air.
In addition, separate valves may be installed at the manifold of individua reactor lines, or on individual well
points, for better control of air flow and pressures in the trestment area. Depending on groundwater depths and
fluctuations, horizontal vacuum screens, “stubbed” screens, or multiple-depth completions can be applied. The
system designed for each gite is dynamic, dlowing positive and negative ar flow to be shifted to different
locations in the subsurface to focus and concentrate remedial stresses on specific areas. Negative pressure is
maintained at a suitable level to prevent the escape of vapors from the treatment area. If air quality permits
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require emisson control, the developer claims that the system’s vacuum extraction exhaust vapors can be treated
by the BECs using the site’s indigenous microbes.

16 Key Contacts

Additiona information on the SVVS soil remediation technology and the SITE program Can be obtained
from the following sources.

The SVV'S Vapor Extraction/Air Sparging and In-Situ Bioremediation Technology

Steve Thompson Mr. Jeff Billings

Project Manager President

Brown & Root Environmenta Environmenta Improvement Technologies, Inc.

464 1 Willoughby Road Billings and Associates, Inc.

Holt, Michigan 48842 3816 Academy Parkway, N-NE

517-694-6200 Albuquerque, New Mexico 87109
505-345-1116

The SITE Program

Mr. Robert A. Olexsey, Director Mr. John Martin

Superfund Technology Demonstration Division EPA SITE Technica Project Manager
U.S. Environmental Protection Agenc U.S. Environmental Protection Agency

26 West Martin Luther King Drive 26 West Martin Luther King Drive
Cincinnati, Ohio 45268 Cincinnati, Ohio 45268

Phone: 513/569-7328 Phone: 5 13/569-7758

Fax: 513/569-7620 Fax: 5 13/569-7620

Information on the SITE program is available through the following on-line information clearinghouses

. The Alternative Treatment Technology Information Center (ATTIC) System (operator: 703-
908-2137; access: 703-908-2138) is a comprehensive, automated information retrieval system
that integrates data on hazardous waste treatment technologies into a centralized, searchable
source. This data base provides summarized information on innovative treatment technologies.

° The Vendor Information System for Innovative Treatment Technologies (VISITT) (Hotline:
800-245-4505;  Fax: 513-891-6685) database contains information on 231 technologies offered
by 141 developers.

® The OSWER CLU-In dectronic bulletin board contains information on the status of SITE
technology demonstrations (Operator: 301-589-8368; Access. 301-589-8366).
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Technica reports may be obtained by contacting the Center for Environmental Research Information (CERI),
26 Martin Luther King Drive in Cincinnati, OH 45268 at 513/569-7562.
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SECTION 2
TECHNOLOGY APPLICATIONS ANALYSIS

This section of the report addresses the general applicability of the SVVS vapor extraction /air sparging
and in-situ bioremediation technology to contaminated waste sites. The analysis is based on the SITE
demonstration results, and conclusions are based exclusively on these data since only limited information is
available on other applications of the technology. The SITE Demonstration was conducted on approximately
2,300 cubic yards of soil, of which an estimated 800 cubic yards were contaminated with varying levels of
benzene, ethylbenzene, toluene, xylenes, trichloroethene, tetrachloroethene and 1, -dichloroethene.

2.1 Key Features

The unique feature of the SVVS process is the integration and optimization of vapor extraction/air
sparging and biostimulation principles for the in-situ treatment of subsurface organic contamination. The vapor
extraction component destroys the easily-strippable VOC contaminants while the bioremediation component
attacks the less volatile, more recalcitrant organics. The SVV'S process can be used to remediate al phases
(liquid, dissolved, sorbed, and vapor phases) of VOC contamination in soils and groundwater. As a result, the
integrated SVVS process can treat contaminants that would normally not be remediated by vapor extraction
done (such as chemicas with lower volatility and/or chemicals that are tightly sorbed). Using the combination
of vapor extraction and biostimulation is faster than the use of biostimulation aone, and reduces the amounts of
volatile organics in the exhaust gasses that would be produced if vapor extraction was used done.  Unlike vapor
extraction/air stripping technologies that often require off-gas treatment to ensure that emissons meet air quality
standards, the SVV'S limits the need for costly and space-consuming above-ground trestment (i.e., activated
carbon or catalytic oxidation) of the extracted air stream. According to the developer, extracted vapors may need
to be treated during the early stages of SVV'S implementation, when the overall rate of mass transfer of
contamination to the vapor phase exceeds the biodegradation rate. Eventually, as biodegradation rates surpass
the net rate of contaminant transfer to the vapor phase, above-ground treatment of the extracted air stream is no
longer needed. At this point vapor extraction off-gas will consist predominantly of carbon dioxide, a by-product
of aerobic biodegradation. This reduced need for extracted air stream trestment during site remediation is
reflected in decreased capital and operating costs. The SVVS adso employs the use of BAI's bidfiltration system
(BECs) for the treatment of extracted vapors that further reduces the space requirements and costs associated
with conventional vapor trestment technologies.
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2.2 Operability of the Technology

The SVVS uses a network of injection and extraction wells designed to circulate air below the ground
to facilitate the volatilization and removal of VOCs from the soil and groundwater, as well as to provide the
oxygen necessary to enhance the rate of aerobic biodegradation of organics by indigenous soil microbes.  Air
injection wells are installed below the groundwater table and vacuum extraction wells are installed above the
water table. The exact depth and screened intervals of these wells are Site specific design considerations. A
typical SVV S consists of aternating air injection and vacuum extraction wells aigned in rows referred to as
“reactor lines’. The reactor lines are linked together and plumbed to one or more compressors or vacuum pumps.
The vacuum pumps create the negative pressure to extract contaminant vapors, while the air compressors
smultaneoudly create positive pressures across the treatment area, to deliver oxygen for enhanced aerobic
biodegradation, The system is maintained a a Vapor Control Unit (VCU) that houses pumps, control valves,
gauges and other process control hardware. Each SVVS is custom-designed to meet specific site conditions.
The number and spacing of the wells depends upon the modeling results of applying a design parameter matrix,
as well as the physica, chemica and biological characteritics of the gite. The SVVS design alows for flexibility
in terms of system expansion and operation. Because of the smplicity of system congtruction, and the reserve
capacity of air injection and vapor extraction built into a typical design, the cost of expansion (e.g., additional
wells and reactor lines) would normally be no greater than 10% to 20% of the total project budget.. Details
concerning the design of the S/VSevauated under the STE Demongtration Program are presented in Section
4.2.

The SVVS is a relatively smple system. Once installed, the technology requires only occasiona
maintenance and operator attention. Actua System operation requires extensive training and experience. If
needed, the SVV'S can incorporate its exclusive biofilters, known as Biologica Emission Control (BEC)
devices, to reduce the levels of VOCs in the extracted air stream in order to meet air quality standards. These
devices are often taken off-line once the rate of biodegradation exceeds the net rate of transfer of contaminant
mass into the circulating air. The BEC units were used at the beginning of the SITE Demonstration, but were
taken out of service once the vacuum extraction exhaust gas met the discharge criteria that had been established
with the dtate for discharge to the atmosphere.

Air flow management is the most important of the operating parameters that influence the performance
of the SYVS remediation technology. Air flow adjustments are made to enhance subsurface conditions that
gimulate the activity of the microbia populations responsible for the biodegradation of organic contaminants.
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Air flow management is achieved at the Vapor Control Unit, or in some cases a each well head, through
adjustment of control vaves. This configuration alows optima control of ar input and vacuum rates, such that
positive and negative air flow can be shifted to different locations of the treatment plot to concentrate remedia
dtress on the areas requiring it most. If a portion of the ste is responding slowly, more remedia stress is applied
through a series of valve adjustments. Conversdly, less stress may be directed to portions of the site that are
responding more rapidly, or have aready been cleaned up to regulatory standards. Negative pressure is
maintained & a suitable level to prevent escape of vapors.

The presence of indigenous microbes that utilize the organic contaminants as a food source is another
potential operating parameter. Although not often necessary, periodic assessments of microbia activity and
biotransformation capacities might be conducted. These assessments are determined through microbia assays,
estimations of nutrient requirements, shut down testing and system-specific CO2 data as follows:

° Microbial Populations. Depth-specific soil samples are collected over the course of the
remediation to profile changes in the microbia populations resulting from system operation.
Standard plate count methodologies are employed in the enumerations. Samples should be
collected from areas containing significant contaminaion since it is in these areas that the
presence of microbes is most important. According to the developer, these measures are no
longer considered necessary when dedling with fuel related contamination because microbes
have been found on al fuel gStes, under many soil conditions.

° Nutrient Requirements: A baseline evaluation of the nutrient requirements necessary to sustain
bacterid viability and growth might also be performed. The totd mass of contamination within
the area being treated is estimated, as well as that portion which is considered biodegradable.
Based upon these mass estimates, the amounts of nitrogen and phosphorus needed by
indigenous soil microbes to synthesize enough cell materid to completely metabolize the totd
mass of contamination is calculated. These requirements are then compared to actual mass of
nutrients available in the matrix. If insufficient nutrients are available, nutrient addition might
be necessary to optimize the viability and activity of the soil microbes. According to the
developer, these nutrient additions are seldom required.

° Bioremediation Rate: In-Situ respiration or “shutdown” testing might be performed periodically
to assess the progress of subsurface microbia activity. The magnitude of microbid activity is
directly proportiona to the rate of oxygen depletion. Idedly, the rate of oxygen depletion
should be greatest where increased concentrations of degradable organic compounds are present.

° CO, Production: CO2 measured at the vacuum extraction well heads as well as a the combined
vapor extraction line, can provide information on microbia activity over the course of
remediation, athough it tends to be a less reliable indicator than 02. An increase in CO2 at these
locations can be correlated to an increase in the biodegradation rates.
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The types and phases of contaminants present also affect the performance of the SVVS  Contaminants
that are highly volatile are more amenable to vapor extraction, while less volatile contaminants respond best to
biodegradation. Halogenated diphatic compounds containing more than two halogens in their molecular structure
ae not particularly susceptible to biodegradation, but might be broken down into harmless end products in the
presence of the less voldile degradable compounds via cometabolism. On the other hand, more tightly sorbed
and less soluble compounds result in dower mass transfer and bioremediation rates.

Temperature dso plays a key role in system performance. The rate of in-situ biodegradation and mass
transfer of contaminants to the vapor phase is controlled in large part by temperature.  The literature shows that
metabolic reactions tend to occur rapidly under warmer conditions and considerably more dowly under cooler
conditions. Contaminant vapor concentrations are dependent on temperature; therefore, removal raes are
drongly influenced by subsurface temperatures. Mogt in-Situ temperatures are warm enough to provide adequate
rates of hydrocarbon biodegradation. Due to the relatively high therma mass of soils and soil moisture and the
low therma mass of injection air, a great dedl of operationa time is required to cause a significant temperature
change. During the winter months in northern climates, it is not uncommon for the SVVSto inject heated air
to prevent a decrease in groundwater temperatures. Solar panels may be used for this purpose, or the pumps can
be located within a heated building and the relatively warm air from the building can be injected into the ground.
The VCU is aso heated to increase longevity of the pumps, decrease condensate freezing problems, and maintain
a hospitable environment for the microbes in the BEC units.

Soil pH can affect biodegradation. Idedlly the pH should be within the range of 5.5 to 8.5 S.U. which
is within the acceptable biological treatment range. Soils with higher and lower pHs might require adjustment
prior to the implementation of the technology. This can be problematic with akaline soils which are known for
their large buffering capecity. Fortunately, pH adjustment is rarely necessary, since the indigenous microbes are
typicaly adapted to the natura vaues found in the soil.

Soil permesability and stratification at a Site influence the operationd performance of the system by
controlling air flow pathways. At a highly dtratitied Ste, characterized by multiple geologica horizons each with
its own unique soil permesability, injected air will generdly follow the course of least resstance and tend to travel
|laterally in coarser strata, potentialy bypassing the target contaminations area. This lateral migration could aso
result in the spread of subsurface contamination as contaminant stripped from the groundwater and lower vadose
zone travels laterdly aong the soil/water interface. If a Site is highly stratified, sand chimneys are typicaly
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installed to enhance vertical air circulation. Sand chimneys are sand-packed borings which provide passive
arflow between the subsurface layers, increasing both soil vapor extraction and biodegradation rates.

Local ar quaity standards might ater the operation and configuration of the SVVS. During the early
stages of SVV'S implementation the overal rate of mass transfer of contamination to the vapor phase, may
exceed hiodegradation rates. During this time, extracted vapors might require trestment before being released
to the atmosphere. Off-gas extracted from the vacuum extraction wells can be routed through a configuration
of Biologicd Emisson Control (BEC) units, which according to the developer, can achieve up to 80%
reductions in VOC stack emissions, a approximately 20% of the traditional emission costs. The exhaust from
the BEC units may also be polished by vapor phase activated carbon, or catalytic oxidation to achieve near 100%
VOC removal, if required. Vacuum extraction emissions can aso be controlled within regulaory limits by
adjusting the air injection and vacuum extraction rates.

2.3 Applicable Wastes

The SVVS process is suitable for the in-gitu treatment of soil, dudges and groundwater contaminated
with gasoline, diesel fuels, and other hydrocarbons, including halogenated compounds.  The medium to be treated
must not possess levels of toxic metals or any other compound that may be detrimental to the indigenous il
microbes. Although high levels of organic contamination, or disproportionately higher levels of halogenated
VOCs over non-halogenated VOCs, may inhibit the performance of the microorganisms, the vapor extraction
component of the SVV'S process will eventualy reduce the levels of these compounds to concentrations more
suitable for biodegradation. Halogenated aliphatic compounds containing more than two halogens can be
transformed to harmless end-products during or following the metabolism of naturd substrates. The developer
claims that the SVVS works effectively on benzene, toluene, ethylbenzene, and xylene (BTEX) contamination.
The technology should be effective in treating soils and groundwater contaminated with virtualy any materia
that exhibits volatility or is biodegradable. By changing the injected gases, anaerobic eonditions can be developed
and a microbial population can be used to remove nitrate from groundwater. The aerobic SVVS can aso be
used to treat heavy metas in groundwater by raising the redox potentia of the groundwater and precipitating the
heavy metds.

In order for the bioremediation component of the system to be effective, prolific indigenous microbial
populations must be present in the contaminated matrix. In rare Stuations where the microbia population is less
prolific than is needed for the job, the indigenous communities can be augmented through the BioTrans™
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technique. The process involves the isolation of dominant indigenous strains of hydrocarbon-degrading microbes
obtained from soils or groundwater samples collected from biologicaly-active parts of the ste. These strains are
then cultivated until sufficient populations are produced, and the less biologicaly active portions of the Ste are
then inoculated with the cultivated microbes. This technique was not used in the Demonstration, because suitable
populations of indigenous microbes were aready present.

2.4  Availability and Transportability of the Equipment

The SYVSis an in-gtu remediation technology that is installed in-place and custom-designed to meet
specific gte conditions. For the most part, the technology is not considered mobile or transportable, athough
the developer has used a trailer mounted VCU for small sites and emergency response situations. Most of the
hardware components used to construct and operate the system are common and readily available. Many of the
components can be obtained at a hardware or plumbing supply store, and can be transported to the site by car or
pickup truck.

System ingtallation can take anywhere from a week to a month. The time it takes to ingtal an SVVS
largely depends on the number and depth of the injection and vacuum extraction wells. Installation requires a
drill rig and a trained drill crew. Hollow-stem augering techniques are typically employed. A trenching device
is dso required for the horizontd ingtalations of vacuum extraction and injection lines.

System demohilization activities consst of disconnecting utilities, and disassembling equipment housed
in the VCU and transporting it off-site. Vacuum extraction and injection wells are either left in place as part of
afacility’s environmental monitoring program or are abandoned in accordance with state and local standards.
Well abandonment will extend the length of time needed to demobilize a site.

25 Materials Handling Requirements

The materials handling reguirements for the SYVS process are quite limited since the process is carried
out “in-situ”. For the most part, materials handling is only an issue during system ingtallation. During
installation, contaminated soil cuttings may be generated as a consequence of drilling and trenching activities.
These cuttings typicaly require staging or storage in containers, such as 55-galon sted drums or roll-off boxes,
until arrangements can be made to dispose of them according to regulatory criteria. Materials handling during
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system ingtallation can involve drill rigs, front-end loaders, backhoes and trenching equipment. The remediation
area should be well graded and accessible to heavy equipment.

Sampling of soil before, during and after treatment may aso require the use of materias handling
equipment. Soil samples will be required to document that the regulatory cleanup criteria have been met, as well
as to monitor microbid activity and biotransformation capacities. Soil sampling will likely require the use of a
drill rig, a shovel or another device depending on the characterigtics of the soil and the depths to be sampled.

Full-scle remediation of a ste using SVVS generdly includes an appropriately-sized configuration of
BEC units to remove vapor phase contaminants from the vacuum extraction off-gas before release to the
atmosphere.  According to the developer, the BECs can aso be used to treat condensate, well drilling wash
water, cuttings and the ditching materid to at least reduce the volume and off-site costs. Since the BEC units
were used only briefly during the Demonstration, however, no conclusions could be drawn about their
effectiveness. Vacuum extraction emissions may aso be controlled within regulatory limits by adjusting the arr
injection and vacuum extraction rates. Specid handling requirements might be required if activated carbon is
needed for additiona polishing of the off-gas. Appropriate arrangements will need to be made to store, regenerate
and dispose of this materid.

2.6 Site Support Requirements

Technology support requirements include utilities, support facilities, and support egquipment. These
requirements are discussed below.

The mgjor utility required to operate the S/VSis dectricity. 110 and 220 volt electrica hookups are
required in the Vapor Control Unit (VCU). The 220 volt line is needed to power the injection air heater. The 110
volt line is needed to power the air compressors and vacuum pumps. These electrical services are commonly
available, but might require a power drop to bring the electricity to the VCU. If power is unavailable and a
connection to the power grid is considered unfeasible, diesel generators could be used.

Minor utility needs include a potable water supply, telephone and sewer service. Potable water is
necessary for equipment decontamination and personnel needs. If potable water is unavailable, it can be trucked
in. Phone service to the site is useful for general communication and for summoning emergency assistance. If
asewer hook up is not available, portable toilets can be used for sanitary purposes.
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Support facilities required by the SVVS process include an enclosed heated area for housing pumps,
control valves, gauges, emission control equipment, and other process hardware. This enclosed area is the
system’s Vapor Control Unit (VCU) where operational control of the SYVS is maintained. If afacility lacks
the capacity to house these items, a temporary structure of sufficient size must be congtructed to serve this
purpose. The VCU must be heated to minimize climate-related problems with the equipment. Auxiliary
buildings might be needed for storage of supplies and tools. A roll-off or drum staging area will be required for
the temporary storage of drill cuttings generated during system ingtallation.

Access to the site must be provided over roads suitable for travel by heavy equipment. Personnd  must
aso be able to reach the site without difficulty. Depending on Site location, security measures might be necessary
to protect the public from accidental exposures and to prevent accidental and intentional damage to the
equipment. A chain-link fence with a locking gate large enough to alow trucks to enter and leave should provide
adequate security.

Support equipment needed during system installation and demobilization will likely include drill rigs and
trenchers, and may involve earth moving equipment, forklifts, containers for storing drill cuttings and containers
for waste water. Earth moving equipment, including backhoes and/or front-end loaders, will be needed for
trenching and transferring drill cuttings to a roll-off or to drums, and, if necessary, regrading the site. A forklift
or handtruck might be necessary for moving drums and supplies around the site.  Support equipment needed
during system operation should consist only of emission control devices. A configuration of BEC units (possibly
coupled with vapor phase activated carbon or catalytic oxidation systems) might be required during the early
phases of SVV'S operation.

2.7 Ranges of Suitable Site Characteristics

Generdly, SVVS is applicable and effective over a wide range of site characteristics.  The site
characteristics described in this section provide additional information about items which require consideration
before applying the technology.

A candidate site must be well graded and accessible to drill rigs and other heavy equipment such as front-

end loaders, backhoes, fork lifts, and trenching equipment. The subsurface should be free of utility lines or other
underground facilities (i.e., fuel tanks). The subsurface should be free of large debris, such as might be found
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in a landfill. The contaminant plume should be accessible to alow the installation of an SVV'S that provides
adequate coverage of the plume.

The size and shape of the SA/S treatment plot should be in accordance with the dimensions and pattern
of subsurface contamination as adjusted for permeability distribution, surface structures and contaminant phase.
Typicaly, the network of vacuum extraction and injection wells are positioned directly over contaminated areas,
therefore, these areas need to be accessble. Some of these problems can be overcome by using directiond and
horizontal drilling techniques for well emplacement. The Site should provide additional space for the VCU
structure and the drum staging or roll-off storage area. The VCU requires about 150 square feet. If a roll-off
is utilized, sufficient area will be required to maneuver the roll-off in and out of the site. There should aso be
room for a waste water storage tank and a tank truck if potable water needs to be trucked in. A 20-square-foot
decontamination area will need to be postioned so as to facilitate the decontamination of equipment and
personng  during system installation and demobilization.

Soil characteristics at a particular site are instrumental in determining the Site's suitability for the SVV'S
Relatively homogeneous fairly coarse soils are generally conducive to uniform as well as rapid contaminant
reductions. Vertical variations in permeability, asis the case with highly stratified soils, may have a tendency
to induce air to flow aong horizontal pathways increasing the risk for contamination to spread lateraly.
Horizontal ar flow can be controlled by a number of strategically placed sand chimneys. Sand chimneys, which
are essentially sand/gravel filled boreholes, provide a vertica conduit for air flow and enhance air flow
communication between al layers. Low soil permesbilities limit subsurface arflow rates and can reduce overal
process efficiency. According to the developer, SVVS systems have been operated with success down to
injection zone permeabilities of 106 amex Low permesability settings require specid design considerations and
operationad methods, but do not necessarily negate SVVS success. Unlike some bioventing technologies,
SVVS does not seem to be affected by low soil moisture since the air moving vertically from below the water
table has a high humidity value.

Ideally, water tables should be more than several feet from the land surface, so as not to limit the
effectiveness of vapor extraction and bioremediation as a result of reduced air flow. Some designs have been
effective on sites with extremely shallow water tables by placing the vacuum lines above ground and covering
them. The pavement or concrete used to cover the Ste would increase ingtalation costs.
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Soils with a high humic content could interfere with the application of SYVS by dowing down the
cleanup due to increased organic adsorption and oxygen demand. Soils possessing a high iron content could
produce deleterious geochemical reactions. (Induced precipitation caused by a change in the redox potentia could
cause clogging of the aquifer.) The problem would manifest itself by causing a mgjor decrease in flow rate of
injection and a synchronous increase in backpressure on the pumps. This problem would likely be limited only
to those gtes with very high dissolved iron concentrations and adequate groundwater flow to supply the iron a
arapid rate. The developer has yet to encounter such conditions, after applying the technology to over 70 site.

Since hioremediation is a mgor component of the SVV'S technology, a sit€'s soils should not contain
appreciable amounts of toxic metals or any other compound that may be detrimenta to the indigenous soil
microbes. This has not been a problem to date with most fuel spill sites, but some of the larger hazardous waste
gtes might pose some problems.

The technology can be operated in nearly every climate. Since soil is a good insulating material, most
in-situ temperatures are warm enough to provide adequate rates of hydrocarbon biodegradation even under colder
surface conditions. Equipment can be climatized to prevent damage due to hot or cold conditions.

The SVVS process can be used in fairly close proximity to inhabited areas, as long as appropriate
measures are taken to prevent off-ste emissions, odors and noise. The SVVS produces little noise while
operating, and emissions are controlled by the BEC units. Equipment must be transported to the site during
ingtallation; however, once the SVVSis operationa, there is little additional traffic generated by the site.

2.8 Limitations of the Technology

In the application of any in-situ air sparging technology, it is imperative that the overal site remediation
plan include a properly engineered soil vapor extraction (SVE) system to capture the contaminated vapors
emanating from the saturated zone. Since the potential exists for enhanced migration of contaminant vapors off-
Site, the gpplication of this technology is generaly limited to sites where SVE is feasible. One possible exception
to the requirement of an accompanying SVE system is a Stuation where the overdl remediation system design
relies on in-Situ biodegradation to destroy the contaminant vapors in the vadose zone and vapor migration is not
a concern.
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The SVVS s generdly not considered a mobile technology, athough the developer occasondly
employs a trailer mounted VCU for small sites and emergency response situations.  The technology has to be
ingtalled and configured to address specific site problems. The ingtalation is therefore intrusive and usualy
involves considerable digging, trenching and drilling. The ingtadlation phase can take up to a month to install and
dthough the system components are smple, ingtalation can be disruptive and noisy. During ingtalation, workers
might be exposed to chemical hazards from coming in contact with contaminated material. Workers must be
advised of the chemical and physica hazards at the Site and wear gppropriate protective gear.

The effectiveness of SVVS s sensitive to soil air flow permesbility, As discussed in the previous
section, relatively homogeneous fairly coarse soils are generally conducive to uniform aswell asrapid
contaminant reductions. In highly stratified soils, air may travel far from the injection well along coarser strata
and never reach shallower portions of the vadose zone. Horizonta air flow and the potential lateral spread of
vapor phase contamination is typicaly stemmed by a number of dtrategicaly placed sand chimneys, aso
discussed in the previous section.

In Situations in which dense non-aqueous phase liquids (DNAPLS) are present, it is possible to spread
the immiscible phase and increase the size and concentrations of the VOC plume. This may actudly be used to
advantage in a Ste remediation to mobilize residuas and, in conjunction with groundwater control, redize a more
efficient mass remova process.

SVVS may not be an economically beneficia adternative for remediation of materials of a very low
permeability, athough the developer claims that the technology has been operated with success down to an
injection zone permeability of 10-° cm/sec. In rare situations, potential geochemical changes may be induced
through the application of the technology causing clogging of the aquifer. The potentia for fouling may be
evauated using available geochemica models, or avoided by using a more gppropriate gaseous medium.

2.9 ARARS for the SVVS Technology

This subsection discusses specific federal environmenta regulations pertinent to the operation of the
SVVS Vapor Extraction/In-Situ Bioremediation Technology including the transport, treatment, storage, and
disposal of wastes and treatment residuals. Federal and state applicable or relevant and appropriate requirements
(ARARs) are presented in Table 2-1. These regulations are reviewed with respect to the demonstration results.
State and local regulatory requirements, which may be more stringent, must aso be addressed by remedia
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managers. ARARs include the following: (1) the Comprehensve Environmental Response, Compensation, and
Liability Act; (2) the Resource Conservation and Recovery Act; (3) the Clean Air Act; (4) the Safe Drinking

Water Act; (5) the Toxic Substances Control Act; and (6) the Occupational Safety and Health Administration
regulations. These six general ARARS are discussed below.
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Table 2-I. Federa and State Applicable and Relevant and Appropriate Requirements (ARARS) for the SVVS Technology

Waste
characterization of
untreated wastes

RCRA: 40 CFR Part
261 ( or state
equivaent)

Standards that apply to
identification and
characterization of
wastes

Chemicd and physicad
analyses must be
performed to determine
if waste is a hazardous
waste.

Chemical and physical
properties of waste
determine its suitability
for treatment by
SVVS

Soil excavation

CAA: 40 CFR Part 50
(or state equivalent)

Regulations governs
toxic pollutants, visible
emissons and
particul ates

If excavation is
performed, emisson of
volatile compounds or
dusts may occur.

Applies to congtruction
activities (i.e., drilling

and trenching) during

system ingtalation.

Waste processing

RCRA: 40 CFR Part
264 (or state
equivaent)

Standards that apply to
treatment of wastes in
a treatment facility

When hazardous
wastes are treated,
there are requirements
for operations,
recordkeeping, and
contingency  planning.

Applicable or
appropriate for SVV S
operations.

CAA: 40 CFR Part 50
(or dtate equivalent)

Regulation govern
toxic pollutants, visible
emissons and
particulates

Stack gases may
contain volatile organic
compounds or other
regulated gases.

During SVVS
operations, stack gases
must not exceed limits
st for the air ditrict
of operation. Standards
for monitoring and

recordkeeping apply.
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Table 2- 1. (Continued)

Storage of auxiliary
wastes

RCRA: 40 CFR Part
264 Subpart J (or state
equivalent)

Regulation governs
standards for tanks at
treastment facilities

If storing non-RCRA
wastes, RCRA
requirements may dtill
be relevant and
appropriate

Storage tanks for liquid
wastes (eg.,
decontamination waters
and condensate) must
be placarded
appropriately, have
secondary containment
and be inspected dally.

RCRA: 40 CFR Part
264 Subpart | (or state
equivalent)

Regulation cover
Storage of waste
materials generated

Applicable for RCRA
wastes; relevant and
appropriate for non-
RCRA wastes

Roll-offs or drums
containing drill
cuttings need to be
labeled as hazardous
waste. The storage
area needs to be in
good condition, weekly
ingpections are
required, and storage
should not exceed 90
days unless a storage
permit is obtained.

Determination of
cleanup standards

SARA: Section
121(d)(2)(ii); SDWA:
40 CFR Part 141

Standards that apply to
surface and
groundwater sources
that may be used as
drinking water

Remedia actions of
surface and
groundwater are
required to meet
MCLGs (or MCLYS)
established  under
SDWA

Applicable and
appropriate for SVVS
for projects that require
groundwater to be
treated.
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Table 2- 1. (Continued)

Waste disposal

RCRA: 40 CFR Part
262

Standards that pertain
to generators of
hazardous waste

Generators must
dispose of wastes at
facilities that are
permitted to handle the
waste. Generators must
obtain an EPA 1D
number prior to waste
disposal.

Waste generated by the
the SVVSislimited t
contaminated  drill
cuttings.  Spent
activated carbon could
be another waste if
carbon is used in the
treatment of system off
gases.

CWA: 40 CFR Parts
403 and/or 122 and
125

Standards for discharge
of wastewater to a
POTW or to a
navicable waterway

Discharge of
wastewaters to a
POTW must meet pre-
treatment standards;
discharges to a
navigable waterway
must be permitted
under NPDES.

Applicable and
appropriate for
decontamination
wastewaters and
condensate.

RCRA: 40 CFR Part
268

Standards regarding
land disposa of
hazardous wastes

Hazardous wastes must
meet specific treatment
standards prior to land
disposal, or must be
treated using specific
technologies.

Applicable for off-dte
disposa of auxiliary
waste (e.g., drill
cuttings and other
waste soils).




29.1 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

The CERCLA of 1980 as amended by the Super-fund Amendments and Reauthorization Act (SARA)
of 1986 provides for federa funding to respond to releases or potentia releases of any hazardous substance into
the environment, as well as to releases of pollutants or contaminants that may present an imminent or significant
danger to public hedth and welfare or to the environment.

As part of the requirements of CERCLA, the EPA has prepared the Nationa Oil and Hazardous
Substances Pollution Contingency Plan (NCP) for hazardous substance response. The NCP is codified in Title
40 Code of Federa Regulations (CFR) Part 300, and delineates the methods and criteria used to determine the
appropriate extent of remova and cleanup for hazardous waste contamination.

SARA dates a strong statutory preference for remedies that are highly reliable and provide long-term
protection and directs EPA to do the following:

o) use remedia aternatives that permanently and significantly reduce the volume, toxicity, or
mobility of hazardous substances, pollutants, or contaminants,

0 sdect remedid actions that protect human hedth and the environment, are cost-effective, and
involve permanent solutions and aternative treatment or resource recovery technologies to the
maximum extent possible; and

o) avoid off-gite trangport and disposa of untreated hazardous substances or contaminated
materials when practicable trestment technologies exist [Section 121 (b)].

The SVV'S process meets each of these requirements. Volume, toxicity and mobility of contaminants
in the waste matrix are al reduced as a result of treatment. Organic compounds are either stripped from
contaminated matrices to be biodegraded ex-situ in a configuration of hiofilters or biodegraded in-situ by
indigenous soil microbes. In both cases, contaminants are subject to biochemical reactions that convert them to
cell materid and energy for metabolic processes. The by-products of these reactions are innocuous and normaly
consist of carbon dioxide and water. The need for off-gte transportation and disposal of solid waste is eliminated
by in-situ treatment. Vacuum extraction off-gas may require treatment prior to release to the atmosphere.

30



In general, two types of responses are possible under CERCLA: removal and remedia action. Super-fund
remova actions are conducted in response to an immediate threat caused by a release of hazardous substances.
Remova action decisons are documented in an action memorandum. Many removas involve small quantities
of waste or immediate threats requiring quick action to dleviate the hazard. Remedid actions are governed by
the SARA amendments to CERCLA. As stated above, these amendments promote remedies that permanently
reduce the volume, toxicity, and mobility of hazardous substances, pollutants, or contaminants. The SVV'S
process is likely to be part of a CERCLA remedia

action.

On-site remedid actions must comply with federal and more stringent state ARARs. ARARS are
determined on a site-by-site basis and may be waived under six conditions: (1) the action is an interim measure,
and the ARAR will be met a completion; (2) compliance with the ARAR would pose a greater risk to heath and
the environment than noncompliance; (3) it is technically impracticable to meet the ARAR; (4) the standard of
performance of an ARAR can be met by an equivalent method; (5) a state ARAR has not been consistently
applied elsewhere; and (6) ARAR compliance would not provide a balance between the protection achieved at
a particular ste and demands on the Super-fund for other Sites. These waiver options apply only to Super-fund
actions taken on-dite, and judtification for the waiver must be clearly demonstrated.

2.9.2 Resource Conservation and Recovery Act (RCRA)

RCRA, an amendment to the Solid Waste Disposal Act (SWDA), is the primary federa legidation
governing hazardous waste activities and was passed in 1976 to address the problem of how to safely dispose
of municipa and industrial solid waste. Subtitle C of RCRA contains requirements for generation, transport,
treatment, storage, and disposal of hazardous waste, most of which are also applicable to CERCLA activities.
The Hazardous and Solid Waste Amendments (HSWA) of 1984 greatly expanded the scope and requirements
of RCRA.

RCRA regulations define hazardous wastes and regulate their transport, treatment, storage, and disposal.
If soils are determined to be hazardous according to RCRA (either because of a characterigtic or a listing carried
by the waste), al RCRA requirements regarding the management and disposal of hazardous waste must be
addressed by the remedid managers. Criteria for identifying characteristic hazardous wastes are included in 40
CFR Part 261 Subpart C. Listed wastes from specific and nonspecific industrial sources, off-specification
products, spill cleanups, and other industrial sources are itemized in 40 CFR Part 261 Subpart D. For the

31



Demonstration Test, the technology was subject to RCRA regulations because the Electra-Voice Steis a
Superfund ste contaminated with RCRA-listed wastes including benzene, ethylbenzene, toluene, xylenes,
trichloroethene, 1,|-dichloroethene, and tetrachloroethene. RCRA regulations do not apply to Sites where RCRA-

defined hazardous wastes are not present.

Unless they are specificaly delisted through delisting procedures, hazardous wastes listed in 40 CFR Part
261 Subpart D remain listed wastes regardless of the treatment they may undergo and regardless of the find
contamination level in the streams and residues. This implies that even after remediation, “clean” wastes are till
classified as hazardous because the pre-treatment material was a listed waste.

For generation of any hazardous waste, the site responsible party must obtain an EPA identification
number. Other applicable RCRA requirements may include a Uniform Hazardous Waste Manifest (if the waste
is trangported), restrictions on placing the waste in land disposd units, time limits on accumulating waste, and
permits for storing the waste.

Requirements for corrective action at RCRA-regulated facilities are provided in 40 CFR Part 264,
Subpart F (promulgated) and Subpart S (Patially promulgated). These subparts aso generaly apply to
remediation at Superfund sites. Subparts F and S include requirements for initiating and conducting RCRA
corrective action, remediating groundwater, and ensuring that corrective actions comply with other environmenta
regulations. Subpart S also details conditions under which particular RCRA requirements may be waived for
temporary treatment units operating, a corrective action sites and provides information regarding requirements
for modifying permits to adequately describe the subject treatment unit.

293 Clean Air Act (CAA)

The CAA establishes nationa primary and secondary ambient air quality standards for sulfur oxides,
particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. It also limits the emission of 189 listed
hazardous pollutants such as vinyl chloride, arsenic, asbestos and benzene. States are responsible for enforcing
the CAA. To assist in this, Air Quality Control Regions (AQCR) were established. Allowable emission limits
are determined by the AQCR, or its sub-unit, the Air Quality Management District (AQMD). These emission
limits are determined based on whether or not the region is currently within attainment for Nationa Ambient Air
Quadlity Standards (NAAQS).
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The CAA requires that treatment, storage, and disposal facilities comply with primary and secondary
ambient air quality standards, Fugitive emissons from the SVVS technology may come from (1) excavation and
drilling activities related to system ingtallation (volatile organic compounds or dust), (2) periodic sampling
efforts, (3) the staging and storing of contaminated drill cutting and (4) treated exhaust gas during system
operation. Soil moisture should be managed during system indtalation to prevent or minimize the impact from
fugitive emissions. State air quality standards may require additiond measures to prevent fugitive emissons. The
off-gas treatment system must be adequately designed and air injection and vacuum extraction rates controlled
to meet current air quality standards. State air quality standards may require additional measures to prevent
emissions.

2.9.4 Clean Water Act (CWA)

The objective of the CWA is to restore and maintain the chemical, physica, and biologica integrity of
the nation’s waters. To achieve this objective, effluent limitations of toxic pollutant from point sources were
established. Publicly-owned treatments works (POTWS) can accept wastewaters with toxic pollutants; however
the facility discharging the waste water must meet pre-treatment standards and my need a discharge permit. A
facility desiring to discharge water to a navigablewaterway must gpply for a permit under the Nationd Pollutant
Discharge Elimination System (NPDES). When an NPDES permit is issued, it includes waste discharge
requirements for volumes and contaminant concentration.

The only waste water produced by the SVV'S process that might need to be managed is waste water
generated during equipment decontamination and condensate that accumulates in the ar lines. Decontamination
water could amount to severa thousand gallons depending on the level of effort involved to ingtall a SVVS
Condensate should only be a fraction of this volume. Some of this water may be used as makeup water for the
BECs during startup and system operation. Additional water that is generated and not utilized in the BECs will
require anaysis for the organic contaminants found in the Site matrices that are targeted for trestment. Depending
on the levels of contaminants and the volume of this waste water, pretrestment might be required prior to
discharge to a POTW.
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295 SafeDrinking Water Act (SDWA)

The SDWA of 1974, as most recently amended by the Safe Drinking Water Amendments of 1986,
requires the EPA to establish regulations to protect human hedth from contaminants in drinking water. The
legidation authorized nationa drinking water standards and a joint federal-state system for ensuring compliance
with these standards.

The National Primary Drinking Water Standards are found in 40 CFR Parts 141 through 149. These
drinking water standards are expressed as maximum contaminant levels (MCLs) for some congtituents, and
maximum contaminant level goals (MCLGs) for others. Under CERCLA (Section 12 1(d)(2)(A)(ii)), remedia
actions are required to meet the standards of the MCLGs when rdevant. For the SVVS demonstration,
trestment of groundwater was a secondary objective but this may not hold true at other Sites or during different
applications of the process.

2.9.6 Toxic Substances Control Act (TSCA)

The TSCA of 1976 grants the EPA authority to prohibit or control the manufacturing, importing,
processing, use, and disposal of any chemical substance that presents an unreasonable risk of injury to human
hedth or the environment. These regulations may be found in 40 CFR Part 76 1; Section 6(e) deds specificaly
with PCBs. Materials with less than 50 ppm PCB are classified as non-PCB; those containing between 50 and
500 ppm are classified as PCB-contaminated; and those with 500 ppm PCB or greater are classified as PCB.
PCB-contaminated materials may be disposed of in TSCA-permitted landfills or destroyed by incineration at a
TSCA-approved incinerator; PCBs must be incinerated. Sites where spills of PCB-contaminated material or
PCBs have occurred after May 4, 1987 must be addressed under the PCB Spill Cleanup Policy in 40 CFR Part
761, Subpart G. The policy establishes cleanup protocols for addressing such releases based upon the volume
and concentration of the spilled materid. It has not been documented that the SVVS processis useful for PCB-
contaminated wastes to date.

2.9.7 Occupational Safety and Health Administration (OSHA) Requirements

CERCLA remedid actions and RCRA corrective actions must be performed in accordance with the
OSHA requirements detailed in 20 CFR Parts 1900 through 1926, especially § 1910.120 which provides for the
hedlth and safety of workers at hazardous waste Sites, On-site congtruction activities at Super-fund or RCRA
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corrective action sites must be performed in accordance with Part 1926 of OSHA, which describes safety and
hedth regulations for congtruction sites. State OSHA requirements, which may be significantly stricter than
federal standards, must aso be met.

All technicians and subcontractors involved with the installation and operation of the SVVS Vapor
Extraction/In-Stu Bioremediation system are required to have completed an OSHA training course and must be
familiar with al OSHA requirements relevant to hazardous waste sites. Workers on hazardous waste sites must
dso be enrolled in a medica monitoring program. The elements of any acceptable program must include: (1) a
hedth history, (2) an initid exam before hazardous waste work starts to establish fitness for duty and a medica
baseline, (3) periodic examinations (usually annual) to determine whether changes due to exposure may have
occurred and to ensure continued fitness for the job, (4) appropriate medica examinations after a suspected or
known overexposure, and (5) an examination a termination.

For most sites, minimum PPE for workers will include gloves, hard hats, safety glasses, stedl-toe boots,
and Tyvek. Depending on contaminant types and concentrations, additiona PPE may be required, including the
use of air purifying respirators or supplied air. Noise levels during the operation of the SVWS are not expected
to be high, except during the construction, which will involve the operation of heavy equipment. During these
activities, noise levels should be monitored to ensure that workers are not exposed to noise levels above a time
weighted average of 85 decibels over an eight-hour day. If noise levels increase above this limit, workers will
be required to wear ear protection. The levels of noise anticipated are not expected to adversely affect the
community, depending on its proximity to the trestment Ste.

The SYVS VCU could be considered a confined space. Specia consideration should be made during
the congtruction of the VCU to provide adequate ventilation. Otherwise workers will be required to comply with
the recently promulgated OSHA requirements for confined spaces (29 CFR § 1910.146), including requirements
for stand-by personnel, monitoring, placarding, and protective equipment. Since the installation of the SYVS
will require some excavation, trenches could be considered additional confined spaces (based on type and depth)
and the same requirements would have to be met. Other construction- or plant-related OSHA standards may aso
apply while ingtalling and operating a SVVS, including shoring of trenches, and lock-out/tag out procedures on
powered equipment.
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2.9.8 State Requirements

In many cases, state requirements supersede the corresponding Federal program, such as OSHA or
RCRA, when the state program is Federally approved and the requirements are more dtrict. The state of Michigan
had other regulatory requirements which are not covered under the major Federal Programs including special
requirements for operating on a floodplain.
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SECTION 3
ECONOMIC ANALYSIS

3.1 Introduction

This economic analysis is based on assumptions and costs provided by B&RE and on results and
experiences from the SITE demonstration operated over a |-year period a the Electra-Voice site, located in
Buchanan MI. The costs associated with trestment by the SVV'S process, as presented in this economic anaysis,
are defined by 12 cost categories that reflect typica cleanup activities performed at Super-fund sites. Each of these
cleanup activities is defined and discussed; they form the basis for an estimated cost analysis of a full-scale
remediation a the same Site.

The SVVS s applicable to sites contaminated with gasoline, diesel fuels, and other hydrocarbons,
including halogenated compounds. The technology can be applied to contaminated soils, dudges, free-phase
hydrocarbon product, and groundwater. The EV gte included al of these. A number of factors could affect the
estimated cost of treatment. Among them, were: the type and concentration of contaminants, the extent of
contamination, groundwater depth, soil moisture, air permeshility of the soil, site geology, geographic site
location, physical site conditions, site accessibility, required support facilities and availability of utilities, and
treatment goals. It is important to thoroughly and properly characterize the ste before implementing this
technology, to insure that treatment is focused on contaminated areas. This cost may be substantial, but is not
included here. Even if the treated area is offset from the contaminated area, as was the case in the SITE
demongtration, the process is il effective in removing the contamination, showing that there is some flexibility
in gpplying this technology. However, there will probably be an associated increase in costs in terms of the length
of treatment required to achieve a certain cleanup level. Another key factor that may not be accurately predictable
without a pilot test is the radius of influence and, consequently, the number of wells needed to remediate a
paticular Ste. The cost of conducting such a pilot study is aso not included here.

The economic andysis for a full-scde remediation at this Site was done as a base case, assuming that the

performance was similar to that demonstrated under the SITE program. Cost figures provided here are *order-of-
magnitude” estimates, and are generally +500%/-30%.
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3.2 Conclusions

* The cost to remediate 2 1,300 yd® of vadose zone soils during a full-scale cleanup over a 3-year
period at the Electra-Voice Superfund site in Buchanan, M1 was estimated to be $220,737 or
$10/yd®, not including effluent trestment and disposa. The mgority of this was incurred in the
first year, primarily due to Ste preparation.

* The largest cost component was Site Preparation (28%), followed by Anayticd Services (27%),
and Residuas & Waste Shipping, Handling, and Storage (13%). These four categories
accounted for 68% of tota costs. The next largest component was Labor (9%), indicating that
this technology is not labor-intensive, dthough travel, per diem, and rentd car expenses were
not considered. Capitd Equipment, and Utilities each accounted for 6% of costs, with the
remainder of the categories each accounting for 5% or less.

* If Effluent Treatment and Disposd costs had been included, this would have added $164,500
to the first year of remediation and brought the total cleanup figure to $385,237 ($18.09/yd®).
This would have accounted for over 43% of the totd cleanup cost.

3.3 Issues and Assumptions

This section summarizes the major issues and assumptions used to evaluate the cost of a full-scale
SVVS remediation of the ElectraVoice Superfund site in Buchanan, MI. In general, assumptions are based on
information provided by B&RE and observations made during the demonstration project.

331 Waste Volumes and Site Size

This economic analysis assumes that the site and wastes have dready been thoroughly and properly
characterized and that these results were used to design the SVVS  process; i.e. number, placement, and depth
of wells, amount of ar injection and extraction; size of blower and vacuum pump; size of piping; valving
arrangements; etc. Therefore, it does not include the costs for treatability studies, waste characterization tests,
pilot studies or system design and layout. All of these activities would add to the costs and time required for
remediation.

For afull-scale cleanup, the treatment area was still assumed to be the vadose zone (depth = 46 ft), but

enlarged to an area of 100 ft x 125 ft, for atotal volume of 575,000 ft* (21,300 yd*). This s about ten times the
volume of soil that was treated under the SITE project.
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It is reasonable to assume that if the source of groundwater contamination lies within the vadose zone,
then any reduction in vadose zone contamination will trandate to a reduction of groundwater contamination. This
was not evident from the SITE demonstration results, because significant concentrations of contamination were
not present in the groundwater beneath the treatment plot.

3.3.2 System Design and Perfor mance Factors

The system design proposed by BAI to remediate contaminated soils associated within the dry well area
included 10 air injection wells, 15 vacuum extraction wells, and 10 sand chimneys. The number of wells and sand
chimneys proposed for the full-scae design is only dightly greater than that used for the SITE demonstration.
This means that the amount of overlap in the radius of influence between wells would be less.  This would
trandate into a level of removal less than what was achieved in the demonstration for a one year time frame.
However, if it is assumed that the full-scle system would give the same level of remova as that demonstrated
under the SITE project, then the cleanup would likely take longer. B&RE has suggested 3 years instead of 1 year.
The tacit assumption is that this level of remova is sufficient to meet regulatory standards.

It should be mentioned that sand chimneys have been incorporated into the design because of the highly
dratified nature of the soils a this Ste. For a Site where the soils are more homogeneous, sand chimneys would
not normaly be necessary. Their costs are minima and have not been included here.

The Biologicad Emisson Control (BEC) units, which were designed to hiologicaly degrade extracted
VOCs from the off-gas stream, were taken off-line a few months into the Demonstration when the exhaust off-
gasses met the site specific emission criteria. The off-gas was discharged without further trestment throughout
the remainder of the Demongtration. The same scenario was assumed for the full-scale remediation, i.e., no
effluent treatment of off-gasses. However, because this may not be the case at other sites, the cost of adding
carbon adsorption onto the back end of the system is discussed under “Effluent Treatment and Disposa Costs'.

3.3.3 Svstem Operating Requirements

The SITE project demonstrated that the equipment was quite reliable and required minimal operator
oversight . Therefore, the system used for economic analysis was assumed to be operated 24 hours a day, 7 days
a week for 3 years continuoudy. Any maintenance, modifications or adjustments to the system were assumed to
be done during one of the 12 sampling events scheduled to take place every year.
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3.34 FEinancial Assumptions

For purposes of this analysis, capitd equipment costs have been amortized over an assumed useful life
span of 10 years with no salvage vadue. Interest rates, inflation, or the time value of money have not been
accounted for. Insurance and taxes are assumed to be fixed costs listed under “Startup” and are calculated as 10%
of annua capital equipment costs.

34 Basis for Economic Analysis

In order to compare the cost effectiveness of technologies in the SITE program, EPA bresks down costs
into the twelve categories shown in Table 3-1 using the general assumptions aready discussed. The assumptions
used for each cogt factor are discussed in more detail below.

34.1 Site Preparation

The amount of preliminary preparation would depend on the Site, and was assumed to be performed by
the responsible party (or Site owner) in conjunction with the developer. Site preparation responsibilities include
gte design and layout, surveys and Site logistics, lega searches, access rights and roads, and preparations for
support facilities, decontamination facilities, utility connections, and auxiliary buildings. None of these costs have
been included here.

The focus, instead, was on technology-specific Site preparation costs. These are generdly one-time
charges and are necessarily site-specific. They include the drilling and preparation of wells, SVVS ingdlation
and congtruction oversight, utility connections, and a building enclosure to house the VCU and any associated
effluent treatment system(s).
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1. Site Preparation

Waell Drilling & Preparation $3250 ( e [ e
Building Enclosure (10'x15') $10000 | e | e
Utility Connections $000 | o | e
System Ingtallation $500 | - | e
Total Costs $62500 | 0 e | e
2. Permitting & Regulatory Requirements $10,000
3. Capital Equipment (amortized over 10yrs)
Vacuum Pump $450 $450 $450
Blower $450 $450 $450
Plumbing $3,333 $3,333 $3,334
Building Heater $333 $333 $334
Total Costs $4,566 $4,566 $4,568
4. startup $79%7 |
5. Consumables & Supplies
Hedth & Safety Gear $1,000 $1,000 $1,000
6. Labor $6,300 $6,300 $6,300
7. Utilities
Electricity(Blower & Pump) $3,900 $3,900 $3,900
Electricity(Heater) $660 $660 $660
Total Costs $4,560 $4,560 $4,560
B. Effluent Treatment & Disposal Costs N/A N/A N/A
9. Residuals & Waste Shipping & Handling
Contaminated Drill Cuttings $12500 | = - $6,000
Contaminated PPE $6,000 $1,000 $3,000
Total Costs $18,500 $1,000 $9,000
10. Analytical $20,000 $20,000 $20,000
11. Maintenance & Modifications N/A N/A N/A
12. Demobilization U - $2,508
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Drilling and preparation (purging, casing, caps, etc.) of injection/extraction wells were assumed to be
performed by a subcontractor at an average cost of $1,300 per well. For atotal of 25 wells -- 10 injection and
15 extraction, the total drilling cost is $32,500 ($1,300/well x 25 wells). B&RE has estimated that it would take
about 4 weeks @ 50 man-hr/wk to completely ingtall the SYVS and provide construction oversight services.
Assuming a labor rate of $75/man-hr, the total cost of labor for system ingtallation and construction oversight
would be $15,000 (4 wk x 50 man-hr/wk x $75/man-hr). Based on SITE demonstration experience, it was
estimated that utility connections would total about $5,000, and that a 10 ft x 15 ft building enclosure would cost
about $10,000 to construct.

Hence the total Site preparation cost is estimated to be $62,500 and has been assigned only to the firgt-
yearin Table 3-1.

3.4.2 Pemitting and Regqulatory Requirements

These costs may include actud permit codts, system hedth/safety monitoring, and anaytica protocols.
Permitting and regulatory costs can vary greatly because they are very site- and waste-specific. Based on their
SITE demonstration experience, B&RE estimated permitting costs at about $10,000. Although some of these
costs may be spread out over the course of the project, the mgority of these expenses will be incurred in the first
year.

343 Capital Equipment

Mogt of the capital equipment cost data were provided by B&RE. They include a 5 HP blower costing
$4,500, a 5 HP vacuum pump costing $4,500, and a 2,550 watt heater for the building enclosure costing $1,000.
This totaled $10,000, and the cost for plumbing (pipes, pipe fittings, valves, gauges, etc.) was assumed to cost
an equa amount, i.e. $10,000.

The cogt of the blower and vacuum pump can be amortized over a [0-year useful life span because these
pieces of equipment can be removed at the end of the three year cleanup and used elsewhere. Hence, their
combined annualized costs would be $900 as shown in Table 3- 1 The plumbing and heater, on the other hand,
would probably remain. Therefore, their combined costs ($11,000) will have to be amortized over 3 years, or
$3,667 annualy as shown in Table 3-1 for every year of remediation.
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Since the BECs were not used for a substantia part of the Demondgtration, they are not included here.
However, the cost of including carbon adsorption to control emissions is discussed under “Effluent Treatment
and Disposd Costs'.

3.4.4 Startup

Transportation costs are variable and dependent on site location, and size/weight load limits, which vary
from date to state. Transportation costs are only charged to the client for one direction of travel. Since they are
not expected to be a mgjor factor, they are not included here.

Based on their SITE demonstration experience, B&RE has estimated that startup and shakedown testing
will require about 2 weeks @ 50 man-hriwk. Assuming a labor rate of $75/man-hr, the total labor cost for startup
and shakedown would be about $7,500 (2 wk x 50 man-hriwk x $75/man-hr). Fixed costs, such as insurance and
taxes, were included at a rate of 10% of the total annualized capital equipment costs, or $457 (0.1 x $4,566). The
tota startup costs are $7,957 and have been assigned to the first year of remediation only.

345 Consumables and Supplies

The SVVS, as applied to this site, did not employ any microbia inoculations or nutrient addition.
Therefore there are no cogts attributable to that aspect of the process. The costs for maintenance supplies (spare
parts, oil, grease, lubricants, etc.) were considered negligible and so were not included either.

The only other item that may have to be included in this category is health and safety gear, and
miscellaneous supplies. This was estimated to be about $1,000ir and is included as a yearly line item in Table
3L
34.6 Labor

Hourly labor rates include base sdary, benefits, overhead, and genera and administrative (G&A)

expenses. Travel, per diem, and rental car costs have not been included in these figures. If aSite is located such
that extensive travel will be required, that could have a major impact on labor costs.
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Based on their experiences with the SITE demonstration, B&RE estimated that an average of 12
sampling events per year would be required to monitor and consequently modify and/or adjust the operation of
their system. Periodic routine maintenance tasks could aso be done during these sampling events. They estimated
that each event would require 7 man-hr. Therefore, at $75/man-hr the total labor cost would be $6,300 (12
eventslyr x 7 man-hr/event x $75/man-hr).

The labor associated with other tasks, such as site preparation, startup, and demobilization have been
assigned to those categories. The demobilization hourly rate is dightly lower ($50/man-hr) because B&RE feds

that less skilled labor would be required to accomplish this task.

Utilities

The mgor utility demand for this project was electricity, primarily to run the blower, vacuum pump, and
heater. The blower and pump were both rated at 5 HP or 3.73 kW. Assuming electricity costs $0.06/kWh, the
annual utility costs associated with these two pieces of equipment are $3,900 (2 x 3.73 kW x 24 hr/day x 365
day/hr x $0.06/kWh). The heater would presumably be used only during cold wesather. If it is assumed that this
would amount to no more than 180 daysyr, then the heater would cost $660/yr ( 2.55 kW x 24 hr/day x 180
day/yr x $0.06/kWh) to operate. The total of these would be $4,560 for each year of the cleanup.

Effluent Treatment and Disposal

Based on experience from this SITE demongtration, the off-gas was discharged without further treatment,
based on air disperson modeling. That was aso assumed to be the case for the full-scale remediation. Therefore,
no costs were assigned to effluent treatment and disposal. However, this may not be the case at other sites.

To get an idea as to how much impact this would have, a carbon adsorption unit was hypotheticaly
assumed to be required at the back end of the SYVS. The carbon unit was sized based on the SITE
demondtration result, that showed approximately 300 kg of VOCs were extracted over a one-year period. Since
the full-scale remediation assumes treatment of ten times the amount of soil treated during the SITE
demongtration, about 3,000 kg of VOCS were assumed to be extracted. If it is conservatively estimated that 10
kg of carbon are required for each kg of VOC extracted, then 30,000 kg of carbon would be necessary for
treatment over 1 year. It was aso assumed that VOC concentrations in the extracted off-gas would be low enough
a the end of the first year that carbon adsorption would not be required for the remainder of the cleanup.
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Rentd of a stainless sted vessel with 820 kg of vapor phase reactivated carbon (the largest size currently
available) would cost about $4,500/unit, including spent carbon handling and off-gite reactivation. The unit would
have to be replaced 36 times over the course of a year (30,000 kg + 820 kg/unit). Additionally, there would be
a one-time RCRA carbon acceptance fee of $2,500 to sample the spent carbon to ensure safe reactivation.
Therefore, if trestment of the off-gas had been required, it would have cost an additional $164,500 ($4,500/unit
x 36 unitslyr + $2,500).

3.4.9 Residuals& Waste Shipping, Handling, and Storage

During the SITE demondtration, approximately 1 drum of well cuttings was produced for each well. For
the full-scale remediation, this would trandate to 25 drums of well cuttings. The cost to manifest, transport,
handle, and dispose of these was estimated at $500/drum. The cost to dispose of these is then calculated to be
$12,500 (25 drums x $500/drum). In the fmal year an additionad 10 drums of well cuttings were assumed to be
generated due to regulatory site closure requirements. The only other residua that would require disposal is
personal protective equipment (PPE). It was assumed that 2 drums of PPE would be generated during the second
year and dightly more in the last year of cleanup. The tota cost for this category is then $28,500.

3.4.10 Analytical Services

Based on their experience with the SITE demongtration, B&RE estimated that they would need to have
an average of 12 sampling events each year. The labor cogt for this has been included under “Labor”. However,
an additional expense associated with laboratory analyses needs to be included. The developer will use this
information to optimize the operation of his system by periodicaly adjusting or modifying its operation. This has
been estimated at $20,000 per year but may be as low as $10,000 per year and is included in Table 3-1.

3.4.11 Facilitv Modification, Repair. and Replacement

Based on experience from the SITE demonstration, no further modification, repair, and/or replacement,
other than routine system adjustment, was projected. As stated earlier, this is assumed to be done during the
sampling events, Site preparation, or startup. No additional costs for this have been included.
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3.4.12 Demobilization

Based on their experience from the SITE demongration, B&RE estimated that it would take 1 week @
50 man-hr/wk to demobilize the site. A labor rate of $50/man-hr was used because it was felt that a less skilled
level of effort was required to demobilize. The total cost for demohilization is then $2,500 (1 wk x 50 man-hr/wk
x $50/man-hr), which would be incurred in the last year of remediation.

3.5 Results

Table 3-1 shows the itemized costs for each of the 12 categories on a year-by-year basis for a
hypothetical 3 year full-scale remediation of the Electra-Voice Superfund site located in Buchanan, MI. The totd
cost to remediate 21,300 yd® of soil was estimated to be $220,737 or $10.36/yd’. This figure does not include
any treatment of the off-gases. If effluent treatment costs are included; it would increase costs to $385,237 or
$18.09/yd’.

Figure 3-1 shows the relative importance of each category on overal costs. It shows the largest cost
component to be Site Preparation (28%), followed by Anaytica Services (27%), and ResiduasWaste Shipping,
Handling & Storage (13%). Labor accounted for a relaively small percentage (9%). This is indicative of the fact
that theSVVS is arelatively reliable, non-labor intensive process. (However, travel, per diem, and car renta
expenses were not included.) These four categories aone accounted for 68% of the costs. Utilities and Capitd
Equipment each accounted for about 6%, and the remaining categories each accounted for 5% or less. If effluent
treatment costs had been included, it would have accounted for over 43% of the tota cleanup cost.
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FIGURE 3-I
Remediation Cost Breakdown (3 yrs.)
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SECTION 4
TREATMENT EFFECTIVENESS

This section presents the results of the SITE demonstration conducted at the Electro-Voice Facility
located in Buchanan Michigan. The section discusses the effectiveness of the SVVS in remediating subsurface
VOC contamination near the facility’s former dry well.

4.1 Background

The SYVS SITE Demonstration was conducted a the Electra-Voice Facility in Buchanan, Michigan.
Electra-Voice, Inc. contracted Brown & Root Environmental (formerly Haliburton NUS Environmental
Corporation) to install and operate an SVVS over a one-year period. Basdline and system operations data were
gathered to evduate the effectiveness of the system for remediating volatile organic compound (VOC)-
contaminated soils related to former paint waste disposal practices a the facility. The results would be used to
provide a judtification for the execution of an Explanation of Significant Difference (ESD) to the Record of
Decision (ROD) for Operable Unit Number One.

ElectraVoice, Inc. is an active facility in the business of manufacturing audio equipment. The
technology was ingtdled and tested in an open field behind the facility where paint shop wastes had previoudy
been discharged to the subsurface via a dry well. The dry well was installed in 1964 as part of the facility’s
automated painting system and was used to dispose of liquid waste via a gravity drain connected to a sink in the
paint shop. Use of the dry well had been discontinued by 1973. Soil sampling conducted during a Remedid
Investigation, and subsequently by the USEPA SITE Program, indicated that petroleum and chlorinated diphatic
hydrocarbons were detectable in soil samples throughout much of the vadose zone of the “dry well area’. The
magnitudes of these contaminants are most significant in soil samples acquired in the immediate vicinity of the
former dry well. The greatest concentrations of VOCs were encountered in a subsurface horizon referred to as
the “dudge-layer”. This dudge layer, occurring 12 to 18 feet below the surface, is a discolored clay-rich horizon
containing filtrate from wastes that have leached from the dry well.

A VOC andysis of the dudge layer from the SITE Demondtration Pretrestment Borehole SB- 16, drilled

a the location of the former dry well, yielded toluene, ethylbenzene, and total xylenes at concentrations of 4,300
mg/kg 1,400 mg/kg and 6,600 mg/kg respectively. Tetrachloroethene, trichloroethene and 1, 1, 1-trichloroethane
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were also detected at 240 mglkg, 23 mg/kg and 18 mg/kg respectively. The remedial investigation (RI) report
for the Electra-Voice Site states that the total mass of contamination associated with the dry well soils may be
as much as 1,000 kg.

Under the SITE Program, the SVVS was evaluated for its ability to reduce volatile organic contaminants
in the vadose zone soils of the “dry well” area. The critical objective of the demondration was to evauate the
developer’s claim of a 30% reduction in the sum of the concentrations of seven specific volatile organic
compounds (i.e, benzene, toluene, ethylbenzene, xylenes, tetrachloroethene, trichloroethene and 1,1 -
dichloroethene) in vadose zone soils of the treatment plot over a 12 month period of operation. It is important
to note that the one year time frame was chosen for testing purposes only, and the reduction claim does not reflect
the limits of the technology. During an actual clean-up, the system may require longer time than was possible
under the present study.

Secondary objectives for the Demongration Test are as follows:

. Monitor the reduction of volatile organic compounds in the saturated soil and groundwater
within the SVV'S Treatment Plot.

° Monitor the impact of the technology on the groundwater outside the immediate trestment area.

. Qualitatively determine the magnitude of contaminant reduction due to vapor extraction versus
in-Situ biodegradation by performing a basdline soil gas test and three shut-down soil gas
monitoring  tedts.

° Determine the magnitude of reduction of individual contaminants (benzene, toluene,
ethylbenzene, xylenes, tetrachloroethene, trichloroethene and 1,1 -dichloroethene) within vadose
zone soils of the dry well area.

° Monitor general soil conditions (i.e., nutrients, toxics) that might inhibit or promote the system’s
effectiveness, such as. Total Carbon (TC), Tota Inorganic Carbon (TIC), Nitrate, Phosphate,
Ammonia, Tota Kjeldahl Nitrogen, Sulfate, Alkainity, Totad Metas plus Mercury, Cyanide,
pH, and Particle Size Digtribution (PSD).

° Monitor the effectiveness of the hidfilter in the reduction of VOC contamination in the extracted
ar stream.

) Monitor the extracted air stream to quaitatively assess biodegradation in the treatment plot over
the course of the demonstration.

° Develop an estimation of operating costs for the SVVS technology in remediating VOC
contamination.

49



4.2 Detailed Process Description

The SVVS, developed and designed by BAI, and operated by B&RE under a licensng agreement,
integrates the benefits of both vapor extraction and bioremediation in the removal and destruction of al phases
of organic contamination from the subsurface. Vapor extraction removes the easily-strippable voldtile
compounds from the soil and/or groundwater and appears to be the dominant mechanism during the early phases
of remediation. Bioremediation, more specificaly biostimulation, processes are more dominant in the later phases
of a remediation and are used to accelerate the in-Situ destruction of organic compounds in the soil and
groundwater. The combined application of the technologies results in remediation that is more rapid than the
use of biostimulation aone, while generating lower quantities of volatile organics than conventiona vapor
extraction technologies. An additional benfit is the remediation of contaminants that would not normally be
remediated by vapor extraction aone (chemicas with lower volatilities and/or chemicals that are more tightly
sorbed). The result is an integrated technology that trandates into lower costs and faster remediations.

A typica SVVS is comprised of a network of air injection and vacuum extraction wells designed to
circulate air below the ground to:

* Voldtilize and remove volatile organic contaminants from the groundwater and soil

* Increase the flow of oxygen in the soil to enhance the rate of in-Situ transformations and
degtruction of organic contaminants by indigenous soil microbes.

An SVVS iscustom-tailored to address specific site conditions. A typical SVV S consists of
aternating air injection and vacuum extraction wells aigned together in rows referred to as reactor lines. The
number and spacing of the wells depends upon moddling results of applying a design parameter matrix, as well
as the physical, chemical and hiological characteristics of the site.  The reactor lines are linked together and
plumbed to a central vapor control unit (VCU) used to house air injection and vacuum pumps, gauges, control
valves and other process control hardware. The VCU may dso house an emission treatment system. One or more
vacuum pumps are used to create negative pressure to extract contaminant vapors and control vapor migration,
while an air compressor simultaneoudly creates positive pressure across the trestment area.  Vacuum extraction
wells are generaly placed above the water table and are typically screened in the zone of maximum contamination
to better focus remedia stresses. Air injection wells are screened below the groundwater table. The exact depth
of the injection wells and screened intervals are site-specific design considerations. Depending on  groundwater
depths and fluctuation, horizontal vacuum screens, “stubbed” screens, or multiple-depth completions may be an

50



option. Solar panels or passive heated air injection may aso enhance subsurface voldilization, particularly in
the winter months. Additional valves may be placed on individua reactor lines or on the individua wells for
better control of air flow and pressure. The SVVS design allows positive and negative air flow to be shifted to
different locations of the trestment plot so as to concentrate remedia stress on those areas requiring it.

The SVVS a the Electra-Voice site is comprised of three separately-valved reactor lines. Figure 4-1
presents a schematic diagram of the SVVS configuration at the Electro-Voice facility. The ElectraVoice design
consists of 11 vacuum extraction wells and 9 air injection wells, each separately vaved for optimum system
flexibility and ar flow control. The air injection wells are indtaled into the water table with a one foot screened
interval positioned approximately 10 feet beneath the water table in the dry well area (water table in the dry well
area is approximately 50 feet below grade). The vacuum extraction wells were installed such that a five-foot
section of screen is set to intersect the “dudge layer”. The extraction wells were ingtdled with a five-foot blank
with a drain port attached to the bottom of the screen to control condensation. A number of sand chimneys were
installed to better facilitate vertical air circulation throughout the plot. The injection and vacuum air supply lines
of each reactor line are manifolded to a single injection and vacuum line inside the VCU Building. The pumps
used during the SITE Demonstration are BAI V5, capable of 85 cubic feet per minute (cfm) reverse pressure air
flow, and BAI A5, capable of delivering 120 cfm air flow. Typically, the postive (injection) pressure pump flow
rate is maintained at approximately 80% of the vacuum pump flow rate. In addition to the various technology
control systems, the VCU contained the Biologica Emission Control (BEC) units to further reduce levels of
VOC in the extracted air stream prior to release to the atmosphere.

The soil vapor extraction element of the process operates by pumping clean air into the injection wells
to percolate upward through the saturated and unsaturated zone, making contact with volatile organic
contaminants. The continuous circulation of clean air encourages the mass transfer of bulk liquid, dissolved and
sorbed phase contamination to the vapor phase. Vacuum extraction wells instdled in the vadose zone pull the
percolated ar through the soil under vacuum, further enhancing the mass transfer or stripping of contaminants
and control the migration of contaminated vapors.
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Configuration of the SVVS™
at the Electra-VVoice Site
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The increased circulation of air in the groundwater and soil, specifically oxygen, aso stimulates and
accelerates natural biodegradation. A steady supply of oxygen alows those microbes that respire aerobically to
utilize the organic contaminants as a food source, thus converting these organic substrates to cell material and
energy for metabolic processes. By-products of these metabolic reactions are carbon dioxide and water. Aslong
as oxygen is supplied, and a food source remains, the microbia populations proliferate and biodegradation rates
increase.

During the early stages of an SVV'S operation, the overd| rate of mass transfer of contaminants to the
vapor phase may exceed the biodegradation rates. This phase, according to the developer, may last anywhere
from two weeks to a few months. The extracted vapors may need to be treated above ground before release to
the amosphere. The amount of treatment will decrease steadily over this period until biodegradation rates
surpass the net rate of transfer of contaminant mass into the circulating air. When this point is reached, the vapor
extraction off-gas will consist predominantly of carbon dioxide and water, and treatment of the exhausted air
gream should no longer be necessary.

4.3 M ethodology

The primary goa of the project was to determine the effectiveness of the SVVS in reducing VOC
contamination in the vadose zone. In order to determine the effectiveness of the technology, contaminant levels
in the vadose zone prior to installation were compared to contaminant levels after one year of operation. Soil
samples were collected from randomly-located borings within the physical boundaries of the SVVS system and
composited in such a manner that the entire vertical section of the vadose zone was represented.  Because the
developer’s clam was to reduce seven volatile organic contaminants by 30%, benzene, toluene, ethylbenzene, and
xylenes (BTEX), as well as tetrachloroethene (PCE), trichloroethene (TCE), and 1, I-dichloroethene (1,1 -DCE)
were considered the critical parameters for this demonstration. Anayses were dso performed on select samples
for the following non-critical parameters: total carbon (TC), total inorganic carbon (TIC), nutrients (nitrate,
phosphate), total metals plus mercury, cyanide, pH, and particle size digtribution (PSD). An additional objective
of this demonstration was to develop data on operating costs for the SVVS  technology.

Pre-treatment sampling activities were conducted to establish a basdine. It was estimated that 77

samples were statigtically required to evaluate the developer’s claim of 30% reduction, based on subsurface
contaminant variability, derived from the analysis of paired Predemonstration borehole characterizations. Soil
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samples were obtained from 20 boreholes randomly positioned within the trestment plot (Figure 4-2). Distinct
sub-surface horizons were classified according to lithology and contaminant levels. The horizons were designated
the Upper Horizon, Sludge Layer, Lower Horizon Al, Lower Horizon A2, Lower Horizon B, and the Saturated

Zone. Samples were collected from each of these horizons. These borehole samples were extracted/composited
into methanol in the field and shipped to the contract laboratory to be analyzed for VOCs to establish the initid
vadose zone concentrations in the contaminated area within the treatment system.  After sampling, al boreholes
were backtilled with clean fill possessing textural properties similar to the soil removed from the borehole, so as
not to influence the operation of the treatment technology.

Saturated zone samples were considered non-critical and were not part of the sample set for claim
evduation. The impact of the technology outside the immediate treatment area was inferred based upon
subsurface pressures measured a pressure probe stations ingtaled around the perimeter of the treatment plot.

Groundwater quality was monitored by collecting samples from existing groundwater monitoring wells
MW-1, MW-2, MW-3, M4, and predemondration well SAIC MW-1 at times 0,3,6,9 and 12 months. These
samples were also analyzed for VOCs for determination of a secondary objective. The monitoring wells are
located approximately 100 to 200 feet down and across gradient from the trestment plot.

The magnitude of contaminant reduction due to vapor extraction versus in-situ biodegradation was
qualitatively determined by conducting system. “shut-down” tests and monitoring carbon dioxide (CO2), oxygen
(02) and tota hydrocarbons (THC) in the gas. These tests occurred in the first month (to establish baseline
conditions), & 6 months, and upon completion of the demonstration after 12 months.

Andyses on the extracted air stream were utilized to evaluate the soil vapor extraction (SVE) component
of the technology. Air samples were periodically collected before and after the BEC devices, and were anayzed
for critical volatile components. Volumetric flow rates were aso measured to determine mass remova rates of
extracted vapors.
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4.4 Performance Data

This section presents the performance data gathered by the testing methodology described above.  Results
are presented and interpreted in the subsequent sections. Datais presented in tabular and/or graphic form.

441 Resultsfrom Pre-Treatment Study

A review and analysis of the pre-treatment VOC data from the 120 vadose zone samples indicate that
a significant portion of the designated treatment area (thirteen boreholes; SB-1,3,4,5,6,9, 10, 11, 12, 13, 14,
15, and 17) had target VOC concentrations near or below their respective detection limits and thus did not serve
as an appropriate test matrix to determine the capability and effectiveness of the SVVS treatment technology.
The sparsely-contaminated portion of the trestment area containing these thirteen boreholes is designated Zone
[I'and is shown in Figure 4-3. Data from the remaining seven boreholes (SB-2,7,8, 16,18,19, and 20) defines
an appropriately contaminated area to evauate the SVVS. This area is designated Zone | as depicted in Figure
4-3.

Post-treatment sampling utilized 14 boreholes drilled in the redefined hot-zone (Zone 1) with paired
boreholes at each of the seven pre-treatment boring locations. Paired boreholes were selected in order to reduce
datistica variability. In addition to the fourteen boreholes in Zone |, post-trestment samples were recovered from
Zone |1 boreholes SB-1,3,6,9, and 10. These were recovered to insure that contamination was not migrating
to these portions of the site.

4.4.2 Summary of Results - Primary Objectives

The developer’s claim for a 30% reduction in vadose zone contamination was greatly exceeded. The
average reduction in the sum of the critical volatile components averaged 80.6% over a one year period. This
vaue was caculated from the boreholes in the hot-zone (Zone 1). The average concentration before
implementation of the SVVS was 341.5 mgkg; this average was reduced to 66.2 mg/kgafter one year of
operation. A t-test was performed on log normal transformed total VOC data to determine if the reductions
observed were significant, The results of the t-test indicate that the reductions observed were sgnificant with
a 90% confidence level.
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Table 4-1 summarizes the performance of the SVV S by sub-surface horizon, and Figure 4-4
graphically depicts the data. The highest concentration of the critical VOCs occurred in the Sludge layer, which
had an average concentration of 1,661 mg/kg before implementation of the system. After one year of operation,
the concentration in the dudge layer was 308 mglkg, an 81% reduction in contamination. Pre-treatment
concentrations in the other zones ranged from 14 mg/kg to 322 mg/kg, with post-treatment concentrations
averaging less than 1 mg/kg for dl horizons (98 to >99% reductions). Figure 4-5 is a plot of the percent
reduction versus initial concentration for al sub-surface horizons in each borehole. The plot shows no strong
correlation between initid concentration and reduction effectiveness, therefore, the technology is not limited by
concentration, and is operative over a wide contaminant concentration range.

Performance of the SVVS over the ared extent of the entire treatment plot (Zones | and 1) is illustrated
by comparing pre-treatment and pogt-trestment contaminant maps for the entire vadose zone (Figure 4-6), as well
as for each sub-surface horizon (Figures 4-7 to 4-10). As previoudly discussed, a large portion of the treatment
plot contained very low concentrations of contaminants as illustrated in Figure 4-6a  The instalation and
operation of the system in an uncontaminated portion of the ste did not affect the performance of the system in
the highly contaminated portion, as illustrated in the podt-treatment contaminant map (Figure 4-6b) However,
ingtallation of the system in nonumtaminated sub-surface soils is an inefficient use of resources that may impact
remedia cost. This Situation emphasizes the need to accurately define the location and extent of sub-surface
contamination prior to implementation. Cost-effective in-situ remediation technologies require a high level of
Site characterization to insure that the treatment agents are reaching the impacted media.

An analysis of the contaminant maps before and after treatment for individual layers (Figures 4-7 to 4-
10) reved that the. dudge layer is the only layer that did not undergo amost complete remediation. The dudge
layer did exhibit significant reductions in contaminant concentration and ared extent as aresult of the SVVS.

443 Changes in Individual Critical VOCs

The effectiveness of the SYVS treatment on individual critical VOCs is summarized in Table 4-2 and
graphicaly depicted in Figures 4-11 and 4-12. Pre-treatment soil analyses indicate that the non
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PRETREATMENT
SAMPLING

POST-TREATMENT
SAMPLING

Tetrachloroethene

Upper Horizon 321.77 0.74 99.77%
Sludge Layer 1661.03 367.6% §1.48%
Lower Horizon Al 96.42 0.98 98.99%
Lower Horizon A2 37.68 0.42 98.88%
Lower Horizon B 13.57 0.30 97.79%

Sum of Benzene, Toluene, Ethylbenzene,
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Figure 4-6(b)

Figure 4-6(a)
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Figure 4-7(b)

Figure 4-7(a)
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Figure 48(b)

Figure 48(a)

Post-Treatment Contaminant Map

Pre-Treatment Contaminan Map

Sludge Layer

Sludge Layer

1500

64

1000

Wdaa

64



9(b)

Figure 4-

9(@)

Figure 4-

t Map:

Inan

Treatment Contam
Lower Horizon A

Post

t Map:

Inan

Treatment Contami

Pre

Lower Horizon A

Wdd




Figure 4-10(b)

Figure 4-10(a)

Post-Treatment Contaminant Map

Pre-Treatment Contaminant Map

Lower Horizon B

Lower Horizon B

Wdd

%www«%?
AR
R

..ﬁ% R

R

100

80 [

1

Wdd

66



i —

8RO
S AR

e
=
> e s e
E < S

S e
s St s
e
S

84.47%
83.81%
77.97%
91.81%

e

o e s eSSl Peneht e
S 55 e S L L e
e S st
S satnTee St e
P o 3 e e e
= mm,.%m%w = S S
e s
o s e
S S
= e

SeresEe s

S
D
S
S
.

iy
ol

=
e
ey
C e

= R
e o
S e I
a L S e S
Sl e
T S5

=

0.00
0.00
0.44

14.42
6.06
45.28

o
5

oy
i

o

=

SAMPLING

o
gl T

e T
. - ﬁmﬂmﬁl

i

POST-TREATMENT

i

e

B ¢

o
A
u

o
po
fian

s
-

-

NT
0.01

PRETREATME

0.01
0.36
5.37

Shens i et e Ss
e s S s
s BT 2 “ 4}
e L, e

92.84
37.41
205.50

e o
o mm

S
o wwmm Mae
pases

Zk

i
:

2
i

S
s

S e

Seene o na s
S

SAMPLING

i S S
SR e S S50
e
mvmm,mﬁ«xwmkm S e e
R P i e
e Wl
e S

e

s

67

e

e e e e e

g gl
e SISt

S et s

S

e

o el e

ST e 7 e
M’.Www,mmwmwumﬁrmew.w,%yw. e S

i
e
B

Ethylbenzene
1,1-Dichloroethene
Trichloroethene
Tetrachloroethene

4 a3 o
e
T
. 7 8§ | & g
o e 4oL e B 4
e s e e e e
b s e M o s =
- . s 2

R R s
T e e
S o

r

e
e e T

e s
e

e

* A meaningful % reduction can not be provided due to low Pretreatment concentrations



89
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Figure 4-12 Relative Distribution of Individual Soil VOCs
Before and After Treatment
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halogenated VOCs are present in higher concentrations than the halogenated VOCs.  Xylene is the most prevalent
compound, comprising approximately 60% of the VOCs both before and after treatment, followed by toluene,
ethylbenzene, and tetrachloroethene (Figure 4-11). Figure 4-12 also illustrates that the relative distribution of

volatile components in the soil is smilar before and after the treatment, indicating that the technology does not
sdectively remove or destroy one component over another.

444 Effect of the SVYVSon VOCs in the Saturated Soil and Groundwater Within the Treatment Plot

In addition to evaluating the SVV'S performance in reducing contamination in vadose zone soils of
the trestment plot, the technology was evauated for its ability to effect remediation of groundwater and saturated
soil within the physical boundaries of the treatment plot. Except for 1,- dichloroethene, detected at 12ug/kg
during the first round of groundwater sampling in December of 1992, al remaining sampling events conducted
as part of the Demonstration did not yidd any detectable levels of contamination from thiswell. These results
gtand in contrast to the results obtained during Predemongtration sampling in July 1992 a the time the well was
installed, when PCE (0.63 pg/l), toluene (10 ug/), ethylbenzene (5.8 ug/l), and total xylenes (23.6 pg/l) were
detected. With the possible exception of |,I-dichloroethene, the absence of these contaminants in later
grouncwater samples can not be directly attributed to remova by the technology, since the technology was not
turned on until March 1993, and the contaminants yielded during the Predemongtration round were absent in the
“Basdling’ round conducted in December 1992. The data also show that the SVVS did not merely transfer
contaminants from the vadose zone to the groundwater, but removed them from the affected matrix entirely.

Contaminant reduction in saturated zone soils was comparable to trends observed in the vadose zone
horizons. Levels of contamination measured during Pretreatment sampling are of similar magnitude to those
measured in the less contaminated vadose horizons, with xylenes, toluene and ethylbenzene being the major
components. A comparison of the weighted sums of saturated zone VOC contamination before and after
treatment reveals that a 99.35% reduction was achieved after one year of treatment. These weighted
concentrations of the sum of the seven critical VOCs prior to treatment and after treatment were 37.88 mgkg
and 0.24 mg/kg, respectively. Although the developer did not make any specific claims pertaining to expected
removals in the saturated zone, the reductions that were achieved were comparable to those observed in vadose
zone horizons, which greatly exceeded the developer’s clam of a 30% reduction.
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445 Effect of t he SYVS onVOCs in the Groundwater Outside of the Treatment Plot

The impact of the technology on groundwater outside the treatment plot was also evaluated. Four
monitoring wells from the existing ElectraVoice monitoring well network were selected for this purpose.

Based upon the position and distance of these wells relaive to the treastment plot, coupled with the fact
that only one well consistently showed appreciable levels of aromatic hydrocarbon contamination, few
conclusions can be drawn on the effectiveness of the SYVS technology on groundwater outside the treatment
plot. Although there is little doubt that the dry well is the source of the contaminants found in this well,
contamination, based upon field observation during the demonstration, is most likely due to localized infiltration
of surface water runoff from the dry well area, rather than groundwater migration. It is interesting to note,
however, that contaminant levels showed a decreasing trend over the last six months of SVVS operation.
Whether this is due to seasond factors controlling run-off, or is a reflection of the reduction observed in the upper
horizon and dudge layer (both likely sources for contaminants migrating via the surface water pathway), is
uncertain.

44.6 Impact of Soil Conditions on the SVVS

During Pretreatment and Post-Treatment soil sampling, samples were collected for various other
parameters that might inhibit or promote the system’s effectiveness. Many of these parameters were collected
at the request of the operator to assess the availability of nutrients for in-situ bioremediation. The operator's
analysis of pretreatment nutrient availability, which was based on a comparison of the mean concentrations of
ammonia, nitrate and total kjeldahl nitrogen suggests that nitrogen is associated predominantly with organic
materid in the form of biomass. The operator concluded that even before the SVV'S was turned on, viable
microbia populations existed in the dry well area soils. Other nutrients, such as phosphorus and sulfur, were aso
measured in vadose zone soils of the treatment plot. The operator conducted an evaluation of the subsurface
nutrient requirements necessary to sustain bacteria viability and growth. These were based on the assumption
that the tota mass of organic contamination in the dry well was biodegradable. Based on the estimated mass of
TKN, ammonia and nitrate in treatment plot soils, the operator concluded that there were sufficient quantities of
nitrogen available to metabolize the total mass of contamination. The same conclusions were drawn for
phosphorus.
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According to the operator, macronutrients including calcium, potassium and sodium occur in vadose zone
soils a concentrations that favor microbial growth and viability. Iron and magnesium levels are devated above

background values as a result of leaching from buried metal and other debris within the fill that comprises the

upper 20 feet of the site.

447 Extracted Vapor Assessment

The extracted off-gas vapor stream was periodicaly monitored and characterized to assess the
contribution of Soil Vapor Extraction (SVE) processes in the SVVS. Figure 4-13 shows the flow rate of the
vapor stream and the mass removal rate of total VOCs over the course of the treatment. These measurements
were taken at the inlet to the BEC units. The flow rate of air fluctuated between approximately 60 dscfm and
120 dscfm. The results of this study show typica SVE behavior, suggesting that pore volume exchange rates were
higher than what is typicaly considered optima for biostimulation.

The mass removal rate of VOCs was high at the beginning of the treatment when soil VOC
concentrations were elevated and transfer to the vapor phase occurred easily. As VOC concentrations in the soil
decreased over the course of the remediation, the mass removal rate also decreased and stabilized, despite elevated
flow rates. This phase of the remediation is characterized by remova rates limited by diffusion of the volatile
organics from the solid phase to the ar stream.  The resulting pattern of soil vapor extraction is characterized as
high remova rates during the initiad operation of the unit, followed by steadily decreasing remova rates during
the middle part of the remediation, ending with low and congtant remova rates.

Figure 4-14 compares the relaive distribution of VOCs in the extracted air stream at the start of the
remediation to the distribution a the end of the remediation. The distributions are smilar except for higher

contributions of tetrachloroethene, and the absence of ethylbenzene, at the end of the treatment period.

The relative distribution of individua VOCs in the soil is compared to the relative distribution in the
extracted air stream, both at the beginning and at the end of the treatment period (Figures 4-12 and
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Figure 4-13  Extracted Vapor Stream Over Time
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4-14). Relative to the soil, the extracted air stream is enriched in toluene and the halogenated VOCs
(trichloroethene, 1, 1-dichloroethene, and tetrachloroethene).

448 Impact of Biodegradation on Contaminant Removal

Developers of the SVVS technology claim that biodegradation is an important remediation mechanism
for the destruction of organic contaminants in the sub-surface. Biodegradation dominates during the middle and
|atter phases of the remediation after the easlly stripped-volatiles are removed by SVE. This SITE Demonstration
atempted to assess the contribution of biodegradation to the overall reduction of contaminants observed in the

subsurface.

The primary measurement tool was the execution of shut-down tests. These shut-down tests monitor
changes in sub-surface oxygen and CO2 following cessation of in-situ ventilation. The magnitude of bacteria
processss is directly proportiond to the rate of oxygen depletion. Therefore, these shutdown tests measure the
presence and magnitude of bacteria processes operative on dl organic matter (natural and anthropogenic), and
do not directly measure the degradation of specific contaminants. It is generally assumed that stimulation of
bacterid processes will result in the accelerated breakdown of biodegradable organic contaminants.

The three shutdown tests were pafamad at the beginning, middle, and end of the one-year remediation.
Oxygen and CO2 were measured at extraction wells throughout the site, alowing for the determination of
biodegradation around the entire Site. The results of the shut-down tests provide the following qualitative
assessment of the role of biodegradation in the SVVS process.

The magnitude of biodegradation was greatest in the southern portion of the Ste where contamination
was found to be the highest. Within the southern portion of the Site, the highest biodegradation rate was
encountered from an extraction well located adjacent to a soil boring containing high levels of contaminants. The
correlation between high biological activity and contaminant occurrence suggests that the technology was able
to dtimulate biodegradation of contaminants.

A comparison of the three-shut down tests indicates that biologica activity was greatest during the early
part of the remediation, moderate in the middle, and lowest & the end. (For a more in-depth analysis, the reader
is referred to the TER) This is consstent with the hypothesis that biologica activity would decrease as the
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remediation proceeds due to the reduction of electron acceptors (organics) in the sub-surface. However, the
middle shut-down test revealed that the level of bio-activity did not decrease as rapidly as the decrease in
hydrocarbons from vapor extraction. This would support the developer’s claim that biological processes play an
increasingly important role, relative to vapor extraction, as the remediation proceeds.

449 Performance of BEC Units

The Biologica Emission Control (BEC) system could not be evaluated since it was taken out of
operation a few months into the Demonstration when the exhaust off-gasses met the State imposed discharge
criteria set for operations at the Electra-Voice site.  During the brief time the BEC units were in operation, the
operator was only observing 30 to 40 percent reductions in system off-gasses. According to the operator greater
reductions may have been achieved given sufficient time for the microbes in the BEC units to acclimate to the
concentrations in the system's off-gasses. Throughout the remainder of the year long demonstration, only a small
percentage of the combined volumetric flow of the air from the extraction wells was routed through the BEC
units. This was done to maintain a population of viable microorganisms should off-gas scrubbing become
necessary again.

4.4.10 Process Operability and Performance at the Electra-Voice site.

This section summarizes the operability of the process and the overdl performance of the SVVS a the
Electro-Voice ste. It includes discussions about developments and problems encountered, aong with the manner
in which these items were resolved.

When the SVV'S was constructed during July and August of 1992, the intent was to completely
encapsulate the location of the former dry well, and the adjoining areas most significantly affected by dry well
contamination. Existing data compiled in the Remedia Investigation Report and interviews with facility
personnel were used in the conceptua design and the location of the SVV'S reactor lines at the Electra-Voice
ste. The location of SAIC's Predemonstration monitoring well (SAIC MW- 1) marks the spot believed to have
been occupied by the former dry well. During the inddlation of the SVVS a concentration of cobbles and sheets
of corrugated metdl were encountered while laying down the trench between the middle and western reactor line.
This area of buried cobbles and sheet metd, located near SVV'S injection well Al-13 and vapor extraction well
VE-20, has been inferred to be the former dry well. Contamination trends yielded during Pretreatment sampling
would support this, as the bulk of viable vadose zone contamination appeared to be limited to the southern third
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of the treatment plot, whereas the remainder of the treatment plot was characterized by VOC concentrations at
or near thelr respective detection limits. Based on this information, a significant portion of the treatment system
was installed over areas unaffected by the dry well. As a result, the SITE Demonstration Pretreatment data
Suggest that a substantial area of dry well contamination might lie outside the physical boundaries of the SVVS®
plot. These revelaions did not seem to affect the performance of the SVVS but certainly influenced the
operation of the system; northern vapor extraction wells and injection wells were taken out of service after a few
months of system operation. Eventudly only a smal percentage of the wells were operating as a consequence
of remedia stresses being shifted to the southern edge of the treatment plot. The inaccurate location of the
SVVS process resulted in a somewhat inefficient operation.

Due to specia circumstances at the Electra-Voice dite, the operator was able to exhaust vacuum
extraction off-gas to the atmosphere with little or no treatment. The Electro-Voice Site may not be a typica
example of SVVS operation, particularly with regard to the handling of extracted vapors. Tighter air emisson
controls at other sites might necessitate the employment of the BEC units, followed by vapor phase activated
carbon, which could increase operationd costs by a factor of 1.5 to 2.0. It is likely that additiond costs
associated with the treatment of system off-gasses would be minimized by controlling vacuum extraction
emissions within the regulatory standards, through the adjustment of air injection and vacuum extraction rates.
The downside of stepping back injection and extraction rates would be an extension of remediation time;
however, the costs associated with extending system operation should be minor in comparison with costs related
to activated carbon treatment. The high reduction rates achieved at the Electro-Voice Site after one year of
treatment might be exceptiond, since the air emission standards at the site allowed the SVV'S to be operated
more in a vapor extraction mode, which favored mass transfer of contaminants to the vapor phase over in-situ
biostimulation. This is not to say that in-Situ biodegradation did not occur; in fact there is compelling evidence
suggesting that it was operative throughout the demonstration, but it was not optimized based on observed
vacuum extraction air flows.
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45 Process Residuas

The actual SVV'S process generates few if any residuals. During the winter months as injected and
extracted air is cooled, it is possible for several galons of condensate to accumulate in the lines.  Occasionally,
enough condensate will accumulate that it will interfere with the operation of the syslem. When this occurs, the
condensate must be siphoned out of the lines. Since the air streams that formed this condensate contained vapor
phase contaminants, it is possible that the contaminants partitioned into the condensate. This condensate might
therefore be contaminated and require specia handling with regard to storage and disposal. Its more likely that
the small amounts of condensate that are generated from time to time would smply be used to make up
evaporative losses of water in the BEC units, whereby the condensate would be effectively treated in the

biofilters.

During system ingtallation a number of process residuals are generated. During the instalation of wells
and the horizontal emplacement of vacuum extraction and injection lines, potentialy contaminated soil cuttings
are produced. As a consequence, used PPE and contaminated water from decontamination activities are aso
generated. All of these items, if found to be hqzardous, must be containerized and disposed of as hazardous
waste.
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SECTION 5
OTHER TECHNOLOGY REQUIREMENTS

5.1 Environmental Regulation Requirements

Federal, state and local regulatory agencies may require permits to be obtained prior to implementing
the SVV S process. Most Federd permits will be issued by the authorized state agency. Federal and state
requirements may include obtaining a hazardous waste trestment permit or modifying an existing permit
regulating these activities on a given site. A permit would be required for storage of contaminated soil in a waste
pile for any length of time and for storage in drums on-site for more than 90 days. Air emission permits will
probably be required, athough such items as site location, off-gas volumetric flow rates and expected VOC
concentrations will dictate the need for such a permit. The Air Quality Control Region may aso have redrictions
on the types of process units and fuels that could be used. Local agencies may have permitting requirements for
construction activities (e.g., drilling and excavation), land treatment, and hedlth and safety. In addition, if
wastewater is disposed via the sanitary sewer, the local water district effluent limitations and sampling
requirements must be met. Finaly, state or local regulatory agencies may also establish cleanup standards for
the remediation.

At the Electro-Voice dite, the operator was required to file an application for an air quality permit with
the Michigan DNR prior to receiving permission to release treated off-gases to the atmosphere.  The operator was
never issued a formal pennit but was required to submit an extensive contaminant dispersal model that calculated
anticipated concentrations of any vapor phase contaminants leaving EV property boundaries. Section 2 of this
report discusses the environmental regulations that might apply to this technology. Table 2-1 presents a summary
of the Federa and state ARARS for the SVV S vapor extraction/air sparging and in-situ bioremediation process.

5.2 Personnel Issues

The SVVS, once operational, can be run in a continuous mode and left unattended for progressively
longer periods of time. ingtallation of the SVVS (e.g., laying down reactor lines and drilling/installing vacuum
extraction and injection wells) has certain manpower requirements. The number of technicians and congtruction
equipment operators needed for construction of an SVV'S depends on the size and design of a particular
installation. The manpower requirements for system ingdlation at the Electro-Voice ste included two
technicians, one field supervisor, and a two-man drill rig crew. The Electro-Voice design conssted of eleven
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vacuum extraction wells and nine injection wells installed dternately aong three individualy plumbed rows (i.e.,
reactor lines). Each reactor line was plumbed to a centraly located vapor control unit (VCU), which housed the
pumps, gauging, and emission control equipment. Conditions at the Electra-Voice site required the installation
of eght sand chimneys to facilitate vertica circulaion through the dudge layer, thereby enhancing volatilization
and microbia activity within this zone. At least two technicians are required during system shakedown activities,
which are conducted to ensure that there are no air leaks in lines and valves and to optimize remedia stresses in
those areas that require it. The shakedown period is considered complete after one week of continuous operation.
Once the system is up and running it generaly requires minima attention. System maintenance activities were
performed once per week for the first month of operation, once per month for the following three months and then
once every three months for the remainder of the demonstration. Additional site visits might be required if
andyticd and monitoring data suggest that further adjustments to the system are necessary for optimal
performance.

Personnel operating the SVV'S are trained professionals with extensive knowledge and experience in
the complex conditions necessary to enhance the activity of the microbes responsible for VOC destruction.
SVVS personne must have completed the OSHA-mandated 40-hour training course for hazardous waste work,
and have an up-to-date refresher certification. Personnel must dso be enrolled in a medica surveillance program
to ensure that they are fit to perform their duties and to detect any symptoms of exposure to hazardous material.

5.3 Community Acceptance

Potentid hazards to the community include exposure to volatile pollutants and other particulate matter
released during system installation. These releases can be controlled by watering down the soils prior to any
excavation or drilling activities. In the gpplication of any SVE technology, it is imperative that the system include
a properly engineered emission capture and trestment system to eliminate the generation of unacceptable fugitive
emissions. Noise may aso be a factor for neighborhoods in the immediate vicinity of treatment. However, except
during system installation when heavy equipment is used, noise associated with the operation of the SVVSis
minimal.

80



SECTION 6
TECHNOLOGY STATUS

This section discusses the experience of the developer/operator in performing treatment using the
SVVS vapor extraction/air sparging and in-Situ bioremediation process.

6.1 Previous Experience

In addition to the technology demonstration, the SVV'S has been employed at over 70 Sites involving
petroleum hydrocarbon releases over the past five years. The soil and groundwater, including bulk product
accumulations, at severa of these Sites have been cleaned to applicable regulatory standards within this and
shorter time frames. The SVVS has also been implemented a Sites in New Mexico, North Carolina, South
Caroling, Florida, Minnesota, West Virginia, Illinois, Michigan, Pennsylvania, Texas and England. Geological
conditions ranged through: dagtics with hydraulic permeabilities of 101 to 106 cmisec; caliche deposits; karst
terrains, oolitic sands; active marine conditions; glacia deposits; shore deposits and fractured bedrock. In
addition to the solvents of this demongtration, the SVVS technology has proven useful on matrices contaminated
with BTEX, napthalenes, other PAHS, hydrauhc fluid, #2 fuel oil, jet fuel, diesdl, waste oil, kerosene, ethylene
dichloride, and ethylene dibromide.
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APPENDIX A
VENDOR'S CLAIMS

This appendix was generated and written solely by Brown & Root Environmental. The statements presented
herein represent the vendor’s point of view and summarize the claims made by the vendor, Brown & Root
Environmental, regarding their SVV'S process. Publication herein does not represent the EPA’s approval or
endorsement of the statements made in this section; the EPA’s point of view is discussed in the body of this
report.

Al INTRODUCTION

It has aways been the goa to clean up sites contaminated with volatile organic compounds (VOCs) and semi-
volatile organics (SVOCs). Recently, however, there has been increased pressure to implement and complete
remediation of contaminated sites in a more timely fashion. Brown & Root Environmenta is addressing this
chalenge in many ways. One method is through the application of the patented Subsurface Volatilization and
Ventilation System (S VVS), anintegrated processfor the remediation of volatile organic compounds(VOCs)
and semi-voldtile organic compounds (SVOCs) in soil and groundwater.

SVVS takes advantage of liquid to gas equilibrium partitioning, or mass transfer, through the injection of air into
the saturated and/or vadose zones below the impacted subsurface materials, and the evacuation of vapors from

vertical wells or horizontal lines positioned at shalower depths. This circulation of ar dlows VOCs and, to a
lesser extend, SVOCs to be stripped from the groundwater, soil, and residua soil moisturedue to their relatively

low agueous solubilities and high vapor pressures. More importantly, however, the circulation of air increases
dissolved oxygen concentrations in the saturated zone, as well as soil moisture in the capillary fringe and vadose
zones. The increase in dissolved oxygen concentration serves to stimulate indigenous microbia activity, thereby
enhancing and accelerating bioremediaion of organic compounds. Therefore, SVV'S may be considered
primarily a bioremediation technology, which includes the added benefit of inducing contaminant mass transfer
and vapor withdrawa through the air circulaion process.

An integrated treatment technology such as SVV'S, which addresses contamination present in all four phases
(liquid product, dissolved, soil moisture and vapor), has many advantages over systems which address only one
or two phases of subsurface contamination. When a treatment system is designed to concentrate remediation in
only one phase of contamination (such as groundwater), the remaining phases of contamination will continue to
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be impacted by the phase which is being addressed. For example, pump-and-treat system applications focus on
remediation of groundwater, while contamination present in vadose zone soils may continue to act as a source.
This transfer between phases accounts for contaminant rebound during remediation. However, if all phases of
contamination are addressed smultaneoudly, as in the case of SVVS, remediation occurs faster, and without the
problems and lengthened remedia duration associated with contaminant rebound.

Using SVVS, the combination of mass transfer and enhanced bioremediation is quicker than bioremediation
aone, and the total quantities of VOCs that may need additional treatment are lower, than vapor extraction
technologies adone. The vapor extraction component destroys the easily-strippable VOC contaminants while the
bioremediation component targets the less volatile, more recalcitrant organics. As aresult, the integrated SVV'S
process can treat contaminants that would normally not be remediated by vapor extraction alone (such as
chemicals with lower volatility and/or chemicas that are tightly sorbed).

A.2  SVVS® Applications

SVV'S can be applied in most situations where subsurface VOC contamination is present. The primary limiting
factors, as in any remediation system, are soil typeand the contamination present. To determine the effectiveness
of SVVS at a particular Site, treatability testing is required to determine optimum design parameters for the
system. These parameters include, but are not limited to, the permesbility of subsurface materials and the
characterization of the microbes that occur naturally in subsurface materials. Microbia specific parameters that
arehelpful aso include the optimum nutrient formulation (nitrogen, phosphorus, trace metals, etc.) for each
respective microbial consortia, environmental conditions (pH, temperature, hardness, akalinity, etc.), and the
possible toxicity/inhibitoty ~ effects of the organics on the respective biological cultures.

A.2.1 Geology/Hydrology Requirements

One of the most important factors affecting SVV'S system design is the permesbility of the soil. SVVS is most
effective in fine to medium sand deposits with permeshilities  greater than 1 .0 x 106 centimeters/second (cm/sec).
However, SVV'S aso has been applied with positive results at sites having deposits of slts and clays with
permesbilities less than 1 0 x 106 crrvsec. Coarsetextured  soils that have a higher permeability allow higher flow
with the same induced vacuum than soils with lower permesbilities. In general, contamination that is present in
formations with low permesbilities (silts and clays) is remediated more dowly. This can be controlled by
adjusting certain design parameters such as system pump size and well spacing.
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A.2.2 Contaminants Amenable to the SVVS® Process

The contaminants to be remediated must either have a vapor pressure suitable for mass transfer or must be
amenable to bioremediation. For dilute concentrations in water, Henry's Law Congtants serve as a measure for
determining if the contaminant can be effectively stripped. Compounds with Henry's Law Constants greater than
2 x 107 atm-m*/mol are considered to be amenable to SVVS. Remova effkiencies for these contaminants
generaly range from 50 percent to greater than 90 percent.

In-situ microbes destroy the contaminants by converting them into carbon dioxide, water, and cell mass instead
of merely transferring the contaminants to a different media. Bioremediation adso will remediate contaminants
that normally would not be remediated by vapor extraction aone (such as chemicals with lower volatility and/or
chemicals that are tightly sorbed). With conventional aerobic biological treatment systems, organic destruction
efficiencies can reach in excess of 99% if properly operated.

The SVVS process has been employed at over 70 Sites of petroleum hydrocarbon compound releases over the
past five years. The soil and groundwater, including bulk product accumulations, at severa of these sites have
been cleaned to applicable regulatory standards. In addition, SVV'S has dso been implemented to remediate
halogenated aliphatic compounds in the subsurface. The system has effectively treated low concentrations of
halogenated aiphatic compounds that are dense non-agqueous phase liquids (DNAPLS), including tetrachlorethane
and trichloroethene.

For higher concentrations of DNAPLs where free product may have accumulated above less permeable zones,
SVVS should also be effective. By cregting a containment area through the horizontal and vertical placement
of air paging wells, it may be possble to disperse DNAPL contamination within a controlled area. Dispersing
the DNAPL contamination will create low concentration zones that SVVS can effectively remediate. SVVS
well placement aso can be designed to confine the DNAPL compound to a centrd area where it can be collected
from arecovery well.

A3  SVVS Design

The design of SVVS alows for flexibility both in terms of system expansion and operation. Because of the
amplicity of system construction, and the reserve capacity of ar injection and vapor extraction capabilities built
into a typical design, the system may be easily expanded. In addition, SVV'S systems are operated in a dynamic
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fashion toprovide the most favorable in-situ conditions for the destruction of VOCs by the pertinent indigenous
microbes. The system not only alows for the delivery and circulation of air, and therefore oxygen, but aso can
be modified easly to deliver certain nutrients necessary to optimize microbe viability.

A4 Implementation

Installation of the SVVS system is flexible. In an effort to minimi ze costs and disruption of normal facility
operations, the installation is often coupled with previoudy scheduled site remodeling activities. Air injection
and vacuum extraction wells and reactor lines are installed in trenches approximately one foot wide and three feet
deep, making it possible to place plates over the trenches so that normal site activities can still be performed
during SVVS ingalation. The maority of SVVS inddlation activities are completed in one to two weeks.

A5  Operations and Maintenance

Once the system is on-line, SVV'S operations and maintenance (O& M) activities are less intensive than with

traditional treatment technologies. To optimize the performance of atypica SVVS system, datais collected and
adjustments are made once a week for the first three months. This is necessary because during the initia three

months significant reductions in subsurface contamination will be observed. In addition to optimizing system

operation, regulatory reporting (Air Use Permitting) may require adherence to this rigorous schedule during the

initid phase of remediation. In mogt applications, following the first three months of operation, O&M activities
can be reduced to once per month for the duration of the project.

87



A.6 costs

SVVS is unique because the majority of costs associated with the remediation of a Site are related to system
installation rather than labor intensve O&M activities. This is largely due to the relatively short remedial
duration, which usualy ranges from 3 to 5 years.

The most significant costs associated with SVV'S are system ingtallation capital costs, such as pumps, the
treatment building, and the off-gas treatment system(s). Typica SVV'S systems are installed and operated at
costs ranging between $100,000 and $250,000. Because of the flexibility of the system, the cost of SVVS
expansion is normally no greater than 10% to 20% of a project’s total budget.

A7 Evaluation of SVVS

SVVSisnot a cure-dl for al sites and Situations. However, given suitable conditions, SVV'S has been proven
to be a fast and effective method for soil and grouncwater remediétion.

A.7.1 Advantages

SVVS provides rapid, integrated remediation of contaminated soil and groundwater by synergistically combining
in-situ bioremediation and direct volatilization of contaminant removal from al affected media (the saturated
zone, the capillary fringe, and the vadose zone). SVVS is the most complete system for in-situ restoration of
contaminated soil and groundwater, with demonstrated success on more than 70 UST Sites.

By removing hydrocarbons smultaneoudy from all affected phases, SVVS helps solve the problem of
groundwater re-contamination often associated with traditional pump and treatment technologies. SVVS
remediates the contaminated soil in the saturated zone, capillary fringe, and vadose zone directly, eiminating the
sources that might re-contaminate  groundwater. In addition, the SVV'S process can be applied to a wide variety
of sites contaminated with multiple VOCs and SVOCs in varying subsurface conditions. SVVS systems may
achieve site closure in significantly less time and at a lower cost than traditional pump and treat and soil vapor
extraction methods.
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It is an attractive option for effecting rapid cleanup in most subsurface conditions at a significantly reduced cost
compared to traditional remediation methods. In addition, SVVS® presents a way for industry to minimize
ligbilities through emphasis on contaminant destruction rather than transferrd of VOC mass to another medium.

These facts emphasize that, a a minimum, consideration should be given to SVVS® when assessing the technica
and economic feasibility of various remedia dternatives for addressng VOC and SVOC contamination in
subsurface materials.

A.7.2 Limitations

SVVS® may not be an economicaly beneficid dternative for some remediation applications. For instance, when
remediating small, localized areas of contamination, the system instalation capital costs may not be practical.
Also, when remediating subsurface materials having low permeabilities, an increased number of wells, larger
pump sizes, and longer remedia durations may increase system ingtalation capitd costs and O&M costs to the
point where it is not an economicaly beneficid aternative. In Stuations involving locaized contaminaion and/or
subsurface materials with low permesbilities, a detailed cost anayses should be performed.
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APPENDIX B

CONVERSIONS
Mass

1 pound (Ib) = 0.4536 kg
1 ton = 2,000 Ib = 907.18 kg
1 kilogram (kg) =2.20 Ib

Volume
1 cubic inch (in®) =5.78E-04 ft* = 2.14E-05 yd® = 0.0164 L =1.64E-05 m* =4.33E-03 gd

1 cubic foot (f?) = 1,728 in® = 0.0370 yd® = 28.32 L = 0.0283 m® = 7.48 gdl

1 cubic yard (yd®) = 46,656 in® = 27 ft* = 764.55 L = 0.7646 m® = 201.97 gal

1 cubic meter (m?) = 61,023 in> = 35.31 f* = 1.31 yd® = 1,000 L = 264.17 gal
1 liter (L) = 61.02 in® = 0.0353 ft* = 1.30E-03 yd® = 1.00E-03 m® = 0.2642 gal
1 gallon (gal) = 231 in® = 0.1337 f* = 4.95E-03 yd® = 3.7854 L = 3.79E-03 m®

Length

Linch (in) = 0.0833 ft = 0.0278 yd = 0.0254 m
1 foot (ft) = 12in=0.3333 yd = 0.3048 m
Lyard (yd) =36in=3ft=0.9144 m

I meter (m) =39.37in=328ft=1.09yd

Temperature

1 degree Fahrenheit (*F) = 0.5556°C  [x°C=0.5556 * (y°F-32)]
1 degree Celsius (*C) =1.8°F [x°F=1.8 * (y°C)+32]
Pressure

1 pound per square inch (ps) = 27.71 inH,0 = 6894.76 Pa
1 inch of water (in H,0) = 0.0361 psi = 248.80 Pa
1 Pascal (Pa) =1.45E-04 psi = 4.02E-03 in H,0

Viscosity
1 poise = . 1 kg/m-sec = 2.09E-03 |b/ft-sec
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1 kg/m-sec = 10.00 poise = 2.09E-03 [b/ft-sec
1 Ibfft-sec = 478.70 kg/m-sec

Rate

11b/hr = 2.20kg/hr
1 kg/hr = 0.4536 Ib/hr
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